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NEED 
POSITIVE 
GAGING 
OF 
DISTANT 
LEVELS? 


LEVEL TRANSMITTER 


& DL 


METERING 
OF DISTANT 
FLOWS? 


B-I-F Chronoflo Telemetering infallible where others fail 
instantly, dependably records miles-away data at great 

savings in cost! 

Readings not affected by normal variations in line voltages, 

resistance, inductance, or ambient temperatures 

Power loss doesn’t call for readjustment . . . saves time! 

FLOW TRANSMITTER 

Physical quantities measured directly in own terms... no 

time lag! 

Response is faster . . . allows better control! 

Need for elaborate off-normal alarm equipment is eliminated 
big cost savings! 

B-I-F has the know-how and experience in telemetering and 

remote control to help you operate more efficiently. Request 

Bulletin 230.20-2 for complete details compare this 

system with any other system! 


Industries 


A DIVISION OF THE NEW YORK AIR BRAKE COMPANY 


METERS © FEEDERS » CONTROLS / CONTINUOUS PROCESS ENGINEERING 


Write B-I-F Industries, 368 Harris Avenue, 
Providence 1, Rhode Island. 
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SWING DIFFUSER... 


DESIGNED FOR HIGHER CAPACITIES . . . LOWER COSTS 


Highest 
Oxygenation 
Capacity 


Lowest Head Loss 
Unobstructed 
5 In. Air Flow 


One Replaces Two! 
30 Ft. Headers 


“MODEL 30’"* SWING DIFFUSER PROVIDES 
GREATER ECONOMY WITH INCREASED OXYGENATION CAPACITY 


® Highest oxygenation capacity . . . positive posi- 
tioning of 5 inch diameter Swing Diffuser with 
loadings up to 115 “Precision” Diffuser Tubes. 

© Lower head loss . . . Exclusive unobstructed air 
flow construction makes over 280% more air 
available from the Model 30 than is obtained 
from any single conventional unit; 40% more 
air than obtained from any two conventional 
units—at no increase in head loss. 


© Headers are 30 feet long . . . fewer swing diffuser 
units necessary, lower installed costs. 


© Air leakage eliminated . . . unique, sealed flexible 


me 


CORPORATION 


HYDRODYNAMICS DIVISION 
CHICAGO PUMP 


622E Diversey Parkway + Chicago 14, Illinois 


connections eliminate leakage normally encoun- 
tered through metal to metal faced joints. 


© Lubrication eliminated . . . Stainless steel and 
Teflon lined joints eliminate need for lubrication. 


IN ADDITION, the new Model 30 Swing Dif- 
fuser provides all the advantages of the famous 
“Chicago” Swing Diffusers proved successful in 
thousands of installations. Individual units are 
easily raised for cleaning and inspection without 
interruption of tank operation. 


Ask for Bulletin No. 179 
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rugged equipment 


at Mt. Airy,“ The Granite City” 


olla 


Mr. Airy. N.C 


mountains and is the home of the world’s largest open-faced granite 


. is located at the foot of the beautiful Blue Ridge 


quarry. Such structures of national prominence as the Arlington 
Memorial Bridge in Washington, D.C. and the Gold Bullion Depository 


at Fort Knox have been built of Mt. Airy granit 


\s rugged and durable as Mt. Airy granite is the P.F.T. waste 
treatment equipment at this plant. The citizens of Mt. Airy are proud 
of their plants modern architectural design and the contribution 


it plays in water pollution control 


P.F.T. equipment includes one #750 Heater and Heat Exchanger unit, 
two 65’ Floating Covers, Supernatant Selector and Gauge 


and Gas Safety equipment. 


P.F.T.'s #750 Heater 
and Heat Exchanger Unit Consulting engineers — The ya NV. Pease Co.. Charlotte. N« 


Floating Covers 


‘ ture—efficient operation 
with P.F.T. equipment at Mt. Airy's new plant 


waste treatment equipment exclusively since 1893 


PACIFIC FLUSH TANK CO. 
4241 RAVENSWOOD AVENUE, CHICAGO 13, ILLINOIS 


* LOS ANGELES 


DENVER «© SEATTLE « SACRAMENTO MILLBRAE. CALIF 
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IN 
YOU. 
PLANT 


When you use the “Roto-Plug” Sludge Concentrator your dewatering 
problem is simplified and— 


¢ No chemicals, chemical mixing equipment, or storage space are 
needed. 


¢ Power consumption is extremely low. 

e Filter media clogging is eliminated. 

* No metering or conditioning equipment is required. 

For complete details of our “Roto-Plug”, write for our four-page 
Folder RP 100. 

PUBLIC WORKS DIVISION 


| NI CHOLS| ENGINEERING & RESEARCH CORP. 


80 Pine Street, New York 5, New York 
3513 Ni Hovey Street, Indianapolis 18, ind. » 1336 North Carolan Ave., Burlingame. Calif. 
i Devel t Co., inc. 
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Alabama _ ater and Sewage Assn.* 
E SELL, Jr., Se Univ. of Alabama, Uni- 


Alaska Water Munagement Assn. 
Cuartes Waters, Sec.-Treas., Arctic Health 
Research Center, Box 96 Anchorage, Alaska 


Arizona Water and Pollution Control Assn.* 
D. Cox, Sec.-Treas., 2612 N. 16th St., Phoenix, 
Ariz 


Arkansas Water and Sewage Conf.* 
C. W. Oxrorp, § Trea College Engineering, 
Univ. of Arka Fayettev Ark 


California Water Pollution Control Assn. 
STEPHEN H s;0ODMAN Se Ty Box 535, 
Campbell, Cali 

Canadian Institute on Sewage and a 
A. | Berry, Sec.-Treas., Admi rative Offic 
72 Grenville St Toronto 8, Ont., ¢ ida 


Central States Sewage and Industrial Wastes 
Assn. 
Scott E. Linstey, Sec.-Treas 
St. Paul 6, Mir 


2400 Childs Rd., 


(England) Institute of Sewage Puritication 
W. F. A. Snook, Se 10, Cromwell Pl., South 
Kensington, London, S. W. 7, Engla 


(England) Institution of Public Health Engi- 
neers 
Ernest V. Batsom, Sec., 179 Vauxhall Bridge 
Rd., London, § wv England 


Federal Sewage Re Assn. 


Martin F. Kt Sec.-Treas., Rm. 4232, HEW 
South Bldg Washi gt 


Florida Pollution Assn. 
INCENT I). PATTON Treas., State Board of 
Health, Box 21 Jacksonville 1, Fla 


Georgia Water and Sewage Assn.* 
Rospert S. IN Sec.-Trea Dept. of Applied 
Biology, Gemeia [i titute of Tech Atlanta, Ga 


(Germany) Abwassertechnische Vereinigung 


Kart Recer, Sec.-Treas., 8 Bertha von Suttner 
Place, Bonn, Ge 
Indiana Water Pollution Contrel Assn 
rcTor G. Wacr Sec.-Tr State Dept. of 
Health, 1330 W Mi gan St ‘| dianapolis 7, Ind 
Iowa Water Pollution Control Assn. 
L. F. Sxor KI, Sec S. 15th Ave., Mar- 
shalltown, Tow 
Kansas Water Pollution Control Assn. 
Leonarp G. Sut Treas., City Hall, Hays, 
Kans 


Kentucky-Tennessee Water Pollution Control 
Assn. 
S. Leary Jones, Sec.-Treas., 602 Cordell Hull 
Bldg., Nashville 3, Tenn 


Loulsiana Conference on Water Supply and 
Sewerage * 

Greorce H. West, Sec.-Treas Box 15, Lake 
Charle La 


Maryland-Delaware Water and Sewage Assn.* 
W. M. BINGLEY Sec.-Treas., State Dept. of 
Health, 301 W. Preston St., Baltimore 1. Md 


Michigan Sewage and industrial Wastes —— 


D. M. I , state Dept Health, 
Rm. 331, Admi Bide 


ig Lan ing * 


Mississippi Water Pollution Control Assn. 
James C. M cD NALD, Sec.-Tre State B 
Health, Jackson 5, M 


yard of 


Missouri Water Pollution Control Assn. 
Jack K. Smitu, Sec.-Trea Water Pollution 
Board, 112 W. High, Box 154, Jefferson 


* Water Pollution Control Section 


WPCF MEMBER 


ASSOCIATIONS 


Montana Sewage and — Wastes Assn. 
A. W. Crarkson, Sec.-Treas., Div. of Environ 
Sanit., State Board of Health, Helena, Mont 


Nebraska Sewage and Industrial Wastes Assn. 
=. Bruce Meter, Sec.-Treas., Kirkham, Michael 
& Assoc., 508 S. 19th St., Omaha 2, Nebr 


New England W: ater Pollution Control Assn. 
Ricuarp F. Greecey, Sec.-Treas., Massachusetts 
Dept I Hea th, 511 State House, Boston 
33, Ma 


New Jersey Water Pollution Control Assn. 
NTHONY T. Leaney, Sec., Box 32, West Trer 
ten, N. J 


New York Water Pollution Control Assn. 
Racpu C. Sweeney, Sec., State Dept. of Health, 
55 Church St.. White Plains, N 


New Zealand Sewage and Industrial Wastes 
Assn. 
K. R. Davis, Sec., Metro. Drain. Bd., Box 208, 
Auckland, (¢ 1, New Zealand 


North ¢ arolina Water Pollution Control Assn. 
I OSBORN Sec.-Treas., Rm. 309, Municipal 
Bldg., Gree Or N. ( 


North Dakota Water Pollution Control Assn. 
W. Van Hevvecen, Sec.-Treas., State Dept. of 
Health, Bismarck, N. Dak 


Ohio Water Pollution Control Conf. 
E. B. Ransom, Sec.-Treas., Div. of San. Engr., 
Dept. of Health, 101 N. High St., Columbus 15, 
Ohi 


Oklahoma Water, Sewage and Industrial Wastes 
Conf.’ 


H. M. Crane, Sec.-Treas., 3400 North Eastern, 
Oklahoma City 5, Okla 


Pacific Northwest Pollution Control Assn. 
Gu.pert H. Dunstan, Sec.-Treas., Box 176, Pull- 


nan, Was! 


Pennsylvania Water Pollution Control Assn. 
{arvey, Sec.-Treas., State Dept. of Health, 
996 S. Main St., Meadville, Pa 


Puerto Rico Water and Sewage Works Assn. 
Ropert J. Auto, Sec.-Treas., Espana 2015, Ocean 
Park, Santurce, P. R 


Rocky Mountain Sewage and Industrial Wastes 


Assn. 
Jesse V Lunsrorp, Sec.-Treas.. New Mexico 
State University, Dept. of Civil Engr., University 
Park, N. Mex 

South Carolina Water and Sewage Works 

Assn.* 
Ropert N. Bor Se 417 Wade Hampton 
Bidg., Columbia 


South Dakota W ne Pollution Control Assn. 
Don C. Katpa, Sec.-Treas., Div. of San. Engr., 
State Board of Health, Pierre, S. Dak 


(Sweden) Fireningen fir Vattenhygien 
Erik Jonsson, Sec., Box 5038, Stockholm 5, 
Sweden 
(Switzerland) Verband Schweizerischer Abwas- 
serfachleute 
Prerre WILD 


Switzerland 


1, Sec., 28 Hegemmatt, Zurich 2/38, 


Texas Water and Sewage Works Asesn.* 
G. R. Herzik, Jr., Sec., Div. of San. Engr., State 
Dept. of Health, Austin, Tex 


Utah Water Pollution Control Assn. 
Witiiam W. ANpveERTON, Sec.-Treas., 2500 S. State 
St., Salt Lake City 15, Utah 


Virginia Water Pollution Control Assn. 
Orvat J. HAnp, Sec.-Treas., Hercules Powder Co., 
Hopewell, Va 


West Virginia Water Pollution Control Assn. 
Guten O. Fortney, Sec.-Treas., State Dept. of 
Health, Charleston 5, W. Va 
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COILFILTER DEWATERS 
=ATRICE, NEB., FRESH SOLIDS 
.2 LBS. PER SQ.FT. / HOU 


AVERAGE RATE 


R OPERATING DATA Month July 


COILFILTE — 
City of Beatrice. Nebraska (Sus . Solids 
ity of Beatrice, 


The Beatrice, Nebraska, sludge 


Chemicals ve Dry Wt. Solids FILTER CAKE | 4 | dewatering report shown here is not 
[pounds Used chem] chem 


unusual; it is representative of the 
scores of Coilfilter fresh solids 
dewatering installations through- 
out the country, as well as the 
hundreds of other Coilfilters 
dewatering digested or primary 
and trickling filter sludges. 


Note the low cost of Coilfilter 
dewatering — it performs 
where other dewatering devices 
only claim. The exclusive, 
self-cleaning, non-clogging 
filter media is guaranteed for 
twenty years. 


Consulting Engineers for 
Beatrice, Nebraska, 

STP: Henningson, Durham & 
Richardson, Inc., 

Omaha, Nebraska 


58.4 
6. MONTH'S 


— D for Diges 


DEWATERING 


Signed: Wayne Bitting 
Title: 
Date: 8-8--60 


KOMLINE-SANDERSON 
ENGINEERING CORPORATION 


PEAPACK, NEW JERSEY 


CANADIAN OFFICES AND PLANT 
BRAMPTON, ONTARIO, CANADA 


ae 

5 | 420 04 

: 9.2} 600 
11.85 
= 
Unit | Cost per Cost/ton 
Cost | Month dry wt p Se 
or Filtration Speration 


MEMBER ASSOCIATIONS MEETINGS 


Association 


Indiana Nov. Hotel Washington, Indianapolis 


Oklahoma Ni Oklahoma State University, Stillwater 


New York 


Texas 


Louisiana Man Louisiana St 


New Jersey Mar. Traymore Hotel 


California 


Arizona Ma 3 Pioneer Hotel, 


Miehigan May 2% Park Place Hotel, 7 


New England 


Central States 


* See preceding left-hand page for full name 


THIRTY-FIFTH ANNUAL MEETING 


Water Pollution Control Federation 


HOST—Canadian Institute on Sewage and Sanitation 


Toronto, Ontario, Canada 


Royal York Hotel 
October 7-11, 1962 


2 
p PC J 17-19, 1962 Park Sheraton Hotel, New York 3 
Mar li lexas A & M College, College Station 
| 
te] \t] tie City 
Apr. 25-28 Hotel Senator, Sacramento 
a Kansas May 2-4 Lassen Hotel, Wichita 
3 
fans Ft June 6-7 Wentworth by Sea, Portsmouth, N. H. 
June 20-22 Hotel Duluth, Duluth, Minn. 
4 


JOURNAL WPCF 6174 


| ECONOMICAL B.0.D. 
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ET RID OF 
LOW-SETTLING SOLIDS FAST... 


EIMCO-PROCESS 


FLOTATOR-CLARIFIER 
TREATMENT UNIT 


HOW SOLIDS ARE REMOVED... 


Eimco-Process Flotator-Clarifier units combine dissolved 
air flotation and conventional sedimentation in a single 
tank. Slow-settling solids — and solids tending to re- 
main in suspension — are removed by flotation. Rapid 
treatment, in less clarification area. 


Eimco- Process Flotator - 
Clarifier unit installed at 
Fairfield - Suisun, Califor- 
nia, Sewage Treatment 
Plant. Solano Engineers, 
Associated, Vallejo, Cali- 
fornia, Consultants. 
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HANDLES MANY TYPES OF WASTES... 


Flotator-Clarifier units have been in- 
stalled for primary clarification of 
sewage ... for removing and recover- 
ing finely divided solids and low 
specific gravity liquids from industrial 
process waters. 


REDUCES TREATMENT COSTS... 


Pressurization of influent or recycle 
or part of the effluent pressurized 
with air speeds the flotation of near- 
colloidal particles . . . results in fast 
solids removal and maximum economy 
of operation. 


SAVES SPACE ANDTANK COSTS... 


Suspended solids removals equivalent 
to those of a conventional clarifier are 
obtained in about half the tank area. 


HANDLES WIDELY VARYING FLOWS... 


Eimco - Process Flotator - Clarifier units 
are built with a number of design 
innovations that enable the unit to 
handle waste surges, yet operate effi- 
ciently during periods of low flow. 


REDUCES PLANT ODORS... 


Treatment is fast and efficient. Long 
detention periods are eliminated. Sep- 
ticity and objectionable plant odors 
are greatly reduced. 


Ask the Eimco-Process representative in your area for more details. 
And write Eimco’s Process Engineers Division for Bulletin PJ-1008. 


Flotator is a trademark of The Eimco Corporation, 


“Advanced Engineering and Quality Craftsmanship Since 1884" 


Process Engineers Division 
420 Peninsular Avenue, 
San Mateo, California 
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Everbur* copper-silicon alloys have 
excellent resistance to corrosion in 
all types of water works installations 
and at all stages of sewage treat- 
ment operations. EVERDUR equip- 
ment in the United States has been 
in service without replacement for 
30 years and longer. 

Easily fabricated EVERDUR pro- 
vides high physical strength with 
lighter weight. It is used extensively 
in sewage systems handling corro- 
sive wastes in screens, stems, man- 
hole steps, guides, bolts, weirs, float 
chambers, troughs. And for water 
works equipment you will find 
EVERDUR alloys in long service as 
surface reservoir outlet screens and 
screen frames and as large diameter 
cylindrical well screens in drilled 
well supply systems. Other uses: 
spillway fittings, guides, seats and 


JOURNAL WPCF 


highly resistant to wear and abrasion 
in sewage and water works systems 


sealing strips. And don’t forget 
EVERDUR Electrical Conduit for use 
in corrosive atmospheres. 
Publication E-11 shows typical 
applications and other data. Write 
for your copy—or for assistance from 
our Metallurgical Dept. in selecting 
the proper corrosion-resistant alloys 
for your equipment. Address: Ana- 
conda American Brass Company, 
Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., 
New Toronto, Canada. 61-811 


EVERDUR*® 


a product of 


ANACONDA 


AMERICAN BRASS COMPANY 


620a 
= 
Pex — A 
| 
3 
Bey 
i 
i 
| 
| 
1 te 
: 


JOURNAL WPCF 


AS Ohio’s new city 
RESERVE CAPACITY 
FOR FUTURE SEWER 

_ ANNEXATIONS 


A. J. Haun, Water & Sewer Supt., 
watches SeweRodeR in action as 
John Fleischman, machine opera- 
tor, handies simplified controls. 
Board of Public Affairs, which con- 
curred in selection of the 
SeweRodeR, consists of Carl 0. 
Sponselier, Pres.; George W. Post, 
L. Earl Waltenbaugh, Members; 
and Lester L, Broucher, Clerk. 


R apia growth during the past ten years resulted in North Canton, Ohio 
becoming a City in 1961. Even faster growth is anticipated through annexa- 
tions, and the City officials have wisely taken this into account by long range 
planning. 

A major problem created by the rapid expansion is the ability to provide 
adequate sewer cleaning service for today’s needs, plus reserve capacity for the 
future. After careful investigation, Water & Sewer Supt. A. J. Haun found 
that by purchasing and truck-mounting a SEeWERODER, a single rodding crew 
could easily maintain the entire system on a preventive maintenance basis. He 
says, “we find the SEwERODER to be the easiest machine to set up and operate 
that we have ever had.” 

The SEWERODER’s superior performance is made possible by many 
unique and exclusive features, such as positive non-slip rod drive, automatic 
safety clutch, instantly reversible push-pull power. All rods are self-contained 
in the machine and operating controls are conveniently located. Set-ups are 
made from street surface by merely 
lowering the hose guide into the 
manhole by means of a rope. 


415 South Zangs Bivd., Dallas, Texas 
3786 Durango Ave., Los Angeles 34, Calif. - 1005 Spencerville Road, Lima, Ohio 
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Rugged pipe 
installs easily 


— even in 
a soggy bed 


This 30” cast iron pipe was installed 
for expansion of a water system in 
Memphis, Tennessee. 

Despite heavy rains, the pipe went 
right to bed in wet trenches. Upon 
completion, the mains were tested at 
150 psi for 12 hours and were found to 
be bottle-tight. 

Cement-lined cast iron pipe prevents 
pipe-clogging . . . always delivers a full 
flow of water. Bottle-tight joints are 


tight enough to resist hundreds of 


pounds of pressure per square inch... 
yet flexible enough to permit deflection 
both during and after installation 

Rarely requiring repair or replace- 
ment, cast iron pipe performs effi- 
ciently, day after day, for over a cen- 
tury. 


CAST IRON PIPE RESEARCH ASSOCIATION 
Thos. F. Wolfe, Managing Director 
3440 Prudential Plaza, Chicago 1, I! 


T IRON PIPE 


YEAR PIPE 
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LOOK AT THE ADVANTAGES . 
you get with Marlow plunger pumps 
for more efficient sludge handling! 


Oversized eccentric conte stroke variations 


Non-jamming shear pins. 
Hardened steel 


cut cleanly. | 
age parts. 
Heavy flanges on 
ery pressure load. 


Clog proof ball 


eplacement 


Constant out-put despite chang 
ing head conditions 


2 High pressures when needed to 
free clogged lines 


MARLOW PUMPS 


Division of Bell & Gossett Company 


MIDLAND PARK, NEW JERSEY 


Longview, Texas * Morton Grove, Illinois 


3 Self priming . . . no auxiliary prim 
ing equipment required. 


4 Rugged construction stones, 
metal slugs can not harm pump 
parts. 
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@ Here is the Anachlor* — the residual chlorine analyzer that’s also an 
efficiency expert on water or sewage treating operations. It continuously 
measures Cl» residuals, frees personnel from routine checks, and saves on 
the cost of treatment chemicals. The Anachlor has two basic components, 
the analyzer unit where current proportional to the chlorine is generated, 
and the recorder or indicator with optional electric or pneumatic control 
elements. It can trim chlorinator feed rate and also transmit measured 
values to a remote station. It employs an electrode rotating at high speed 
so that a high velocity of sample flow is not necessary. The electrode cell is 
easily disassembled for cleaning by disconnecting one slip-on connection 
and two pins. You'll find the Anachlor equally suitable for water or 
sewage treating operations — easy to operate — easy to maintain — and 
thoroughly dependable. 


The Anachlor is described in complete 
detail, from operating principles to control 
options, in Catalog 17B2200. This 
instrument is only one of many F&P 
components for automating water and waste 
treatment. For basic information or specific 
suggestions write Fischer & Porter Company, 
1211 Fischer Road, Warminster, Pa. 

In Canada, write 

Fischer & Porter (Canada) Ltd., 

2808 Jane Street, Toronto. 


—) 
FISCHER & PORTER COMPANY 


CHLORINATION AND INSTRUMENTATION 


2 trade name of Fischer & Porter Company 


—~ 
: 
‘ 
a 
4 
: 
= 
9 3 
. 
an 
: 
: 
: 
og 


62b6a 


CEMENT-ASBESTOS CONCRETE 


CEMENT-ASBESTOS CLAY 
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only [ My meets the AID 


Unretouched photos show 


corrosion damage caused by 


FOREIGN 
MENT-ASBESTOS 
— FOREIGN ——— 
< 10 CONCRET 
+ 
z - - - 4 — 
02 CEMENT -ASBES TO 
GALLONS EFFLUENT Days 


(street address 


(city and state) 


| NATIONAL CLAY PIPE MANUFACTURERS, INC 

| 1028 Connecticut Ave., Washington 

| Please send me full details on the results of 
I the acid tests on the four sewer pipe materials 
shown here. 

(nome) 

| (company 


the flow of acid solution. 


It's sulphuric acid that destroys sewer lines 
made of materials bought as substitutes for lifetime 
Vitrified Clay Pipe. And sulphuric acid—which 
combines chemically with the binding material in 
other products to disintegrate them—can’t hurt 
Vitrified Clay, a completely inert material 


Special tests at the Clay Pipe Industry's modern 
laboratory at Crystal Lake, Illinois, recently illus 
trated just how damaging this acid concentratior 
an be 


As you can see in these photographs and the 
chart, the acid started eating up the substitute 
materials quickly. But it didn’t do a thing to life 
time Vitrified Clay 


It's a simple test. Try it yourself before you 
specify any product for your sanitary sewers other 
than Vitrified Clay. We just pumped 30 gallons of 
8.6 percent sulphuric acid by weight through four 
different pipe specimens—in this case, domestic 
cement-asbestos, concrete, foreign cement-asbestos 
and clay 


Remember, you can't argue with the facts, and 
you can’t repeal the laws of science. Sewer gas 
and oxygen are present in all sanitary sewers 
And sewer gas and oxygen combined add up to 
Sulphuric acid, which destroys substitutes for 
Vitrified Clay Pipe 


*Manufacturers’ brand names deleted 


NATIONAL CLAY PIPE 
MANUFACTURERS, INC. 
1028 Connecticut Avenue 
Washington 6, D.C. 
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Owner: City of College Station, Texas 
Engineers: Homer A. Hunter Associates 
Dallas, Texas 
: Design Flow: 0.52 MGD 
: Lakeside 
Equipment: 2 24'-0” Spiragesters 
1 — 120’-0” Rotary Distributor 
2 1 — 35’-0” x 9’ SWD Spiraflo Clarifier » 


SPIRAGESTERS. are used singly for projects 
under 6000 P.E. They give superior results with the 
minimum of operating skill. Construction and op- 
erating costs are among the lowest. Plant expansion 
: available by adding another Spiragester or easily 
converting the tank to a digester. Spiragesters are 
now installed throughout the U. S. Also Canada and : 
foreign countries. As at College Station, Lakeside 6, Illinois 
provides trickling filter and Spiraflo final clarifier 
equipment for a complete treatment plant. Write for 
Bulletin 100. 
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EASY MAINTENANCE 
HIGH CAPACITIES 


Type OJ Horizontally Split 
Single Stage Double Suc- 
tion. Bulletin 105-B. 


Type AJ Diag- 
onally Split 
Two Stage 


Type AJ Horizontally Split Two Stege Op- 
posed Suction. Bulletin 106-B. 


Bulletin 106-DS 


@ Smooth, dependable performance and long life is assured with streamlined liquid 
flow, scientifically balanced impellers, perfect alignment, large shaft sizes, short bearing 
centers and low NP 


e@ Maintenance both suction and discharge are on bottom half 


of case . piping and motor-pump alignment is never disturbed 


@ Capacities to 600 GPM . Heads to 600 feet. 


IDEAL FOR: Water Service e Boiler Feed ¢ Circulating ¢ Cooling 
Tower ¢ Pressure Build-Up e Fuel Transfer e Boosting to Pressure or 
Elevated Tanks ¢ Many General Applications. 


FOR COMPLETE INFORMATION WRITE—OR CALL 


AURORA PUMP 


THE NEW YORK AIR BRAKE COMPANY N 


® 


1199 LOUCKS . AURORA, ILLINOIS 


LOCAL DISTRIBUTOR IS LISTED IN THE YELLOW PAGES OF YOUR PHONE BOOK 
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New 
“Float in Flume” 
obsoletes the 


stilling well— 
saves you its 
construction cost 


Now you can measure open channel or sewer line 
flow accurately without a stilling well—but at a 
fraction of the construction, installation and main- 
tenance costs. 

The “Float in Flume” is simplicity itself. A vane, 
floating atop the liquid passing through the flume, 
senses the liquid level. This data is transmitted 
through a Simplex transmitter-receiver system 
(pneumatic or electric), and is translated into flow 
terms on a modern, easy to read Simplex type “L” 
meter. 

You save all the costs formerly required by a 
stilling well: the extra excavation and concrete, 
float pipe, grating, valves, drain pipe and fittings, 
cleaning valve and sediment chamber. 

You don’t even need a purging system. An occa- 
sional wiping of the vane is all the cleaning required. 

The Float in Flume transmitter may be installed 
in existing flumes or is furnished assembled with a 


Simplified by Simplex: New Float in 
Flume meter measures with great 
accuracy the flow of various kinds 
of liquids in channels, sewers and 
other gravity flow systems — and 
radically slashes construction costs. 


Simplex Type “S” Parabolic Flume as shown above. 

Before you install another meter requiring a 
stilling well, check the savings of the Float in 
Flume meter. Drop us a note today and ask for 
Bulletins 726 and 728. 


Simplified by Simplex: New Type e 
“L” Meter is more modern, 
more compact. Big red-and- 
white helical indicator replaces 
pointer, makes reading easier. 
Continuous type totalizer un- 
surpassed for accuracy. All 
parts are mounted on swing- 
out panel for easy servicing. 


SIMPLEX werer ‘co. 
LANCASTER, PENNSYLVANIA 


a division of 


7 PFAUDLER PERMUTIT INC. 
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We're proud to count the beautiful 


ACROSS FROM INTERNATIONAL AIRPORT 


NEW ORLEANS 


= 
im an 


among our “OXIGEST" sewage (treatment 
plant insta//ations 


The 310-unit 
Hilton Inn Motor 
Hotel at Kenner, Louisiana, is served 


“We, in the Hilton organization, appreci- 


plants capable of handling 40.000 2te the responsibility Smith & Loveless 
: has assumed in the operation of the Hilton 


by dual “Oxigest’”’ sewage treatment 


gallons of domestic sewage per day. Inn treatment facility. It is gratifying to 


The treatment facility was designed know that your firm backs its equipment 
with such responsibility and service. Our 

. Sanford & Associates, 
by Edward H anford Associate engineers report that the treatment plant 
Consulting Engineers, New Orleans, La., is performing in accordance with all speci- 


and was installed over two years ago. fied guarantees and local and state health 


department requirements.” ...C. N 
| We are pleased to include the Hilton Hilton, Jr., Vice President, Hilton Inns, 
| Inn in our growing list of factory-built 
: treatment plant installations at motels, “Because of the unusual efforts your 4 


i bdivisi company has expended on this installa- 
schools, factories and subdivisions . . . tion, and your continued interest in the 


write to Department 30 satisfactory function and performance of 


the plant, we express our sincere appre- y 


ciation to you.” .. . Edward H. Sanford 
& Associates 


P.0. BOX KANSAS CITY 


15, MISSOURI PLANT: LENEXA, KANSAS 


2850 
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Pilot plants are are 28° high, 3 in diameter. They come completely assembled, with 
nutrient feeder, pumps and other equipment ready for connection and immediate use 


LOW-COST PILOT PLANT 
USING NEW DOW 
DEVELOPMENT 
CAN HELP SOLVE YOUR 
WASTE TREATMENT 
PROBLEMS! 


Now, at little cost, you can install a trickling 
filter pilot plant using new Dowpac® biological 
oxidation media. This research tool will show 
you precisely how you can treat wastes effi- 
ciently .. . and how best to do it . . . under 
your actual operating conditions. Data obtained 
from pilot plants can be used for later scaling-up 
to full size—but compact—installations. 


D.L.S. will lease or sell pilot plants, as you wish. 
D.1.S. engineers will assist in installing the 
plant, put it in operation for you, and interpret 
collected data to work out the most effective 
treatment for your particular problem. 


Dowpac provides conditions approaching the 
design ideal for trickling filter-type systems, 
including light weight, to permit land-saving 
vertical construction . . . tremendous surface 
area for maximum bacteria growth . . . mini- 
mum of plugging or channeling . .. and 
practically no maintenance. 


Write for new booklet on 


Dowpac, and for infor- 
mation on low-cost pilot ; 
plants. D.I.S. engineers 


will be glad to work with 

you to develop the most 

effective method for 

water and waste treat- 

ment for your particular 

conditions. Write DOW 

INDUSTRIAL SERVICE, 

20575 Center Ridge Dowpac is a trademark 
Road, Cleveland 16, for packing media— 
Ohio, Dept. JWPCF11. 


> 


DOW INDUSTRIAL SERVICE 


Division of The Dow Chemical Company 
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Mirrors, rectangles, and other 
tremendous trifles make Shone’ 
your bargain buy in sewage ejectors 


Would you like to hear more about how these and other design subtleties 
which make Shone the startling bargain in sewage pumping equipment ? 


Call your Yeomans representative. He's in the Yellow Pages. 


bo 

2 

rp. 
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When 91 years of engineering and ex- 
perience go into a sewage pumping de- 
vice, there can be only one result—an 
ejector that is so much in a class by 
itself, it becomes an ‘‘institution” ... 
a piece of equipment that keeps other 
ways of handling sewage perennially 
obsolete .. . a mechanism that makes 
embarrassing service interruptions and 
dangerous climbing in-and-out of man- 
holes things of the past. Each part, 
each material, each contour, each sur- 
face of the Shone ejector has sig- 
nificance in the vital job of handling 
sewage. 

1. Consider the mirror-like ‘‘superfinish”’ 
(you can actually shave in it) surfaces 
of the pilot valve slides and seat of the 
Shone’s exclusive control system. Hand- 
lapped to perfection...only the weight 
of the valve slide plus pilot air pres- 
sure maintain the seal for decades of 
operation. Faces of the two parts fit so 
accurately that it is actually difficult to 
pull them apart. There is no leakage... 
opening and closing are truly positive. 
Parts do not wear ‘‘out of balance,” be- 
cause they are ‘‘broken in’’ before leav- 
ing the factory. 

2. Piston valve and pistons are also 
‘“‘superfinished"’ to the same mirror-like 
surface... and atest of each valve 
assembly assures operation at only 60% 
of the minimum allowable pilot and 
operating pressure. 

3. Or consider the singularity of rectan- 
gular valves in round pipes. Sticks and 
stones in sewage may “‘bridge’”’ in a 
round pipe under low-flow conditions. 
Not only are the Shone's valves rec- 
tangular, but they have a larger internal 
cross section than the pipes to which 
they are connected. This is one of sev- 
eral reasons why nothing (but nothing) 
can choke a Shone ejector in this ‘‘bot- 


YEOMANS 
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tleneck’’ spot. Anything which reaches 
the receiver passes through it and 
through the discharge valve. 

4. We all know cotter pins are fine on 
tricycles (and on external linkage), but 
not inside pneumatic ejector inlet and 
discharge valves. You can't find a more 
perfect snagger for rags and other 
strangulating debris. Shone has flush- 
driven pins on valve hinges, another 
tremendous trifle. 


5. A newly-cast, iron receiver, like any 
good whiskey, needs to be aged. 
Receivers for Shone pneumatic ejectors 
are ‘‘mellowed”’ for up to one year. This 
settles them down, prevents cracks and 
warping by relieving internal stresses in 
the crystal structure. Remember that 
Shone sewage ejector installations are 
usually considered permanent — the 
first U. S. installation, 1889, is still in 
service. An important invisible extra! 


6. There are no ‘‘missing links’’ in the 
control linkage assembly of a Shone 
ejector. Each assembly is set, tested, 
dowled, and ‘‘match-marked”’ for its 
own particular receiver assembly. No 
trial and error fitting on the job. An- 
other Shone “‘intangible’’ asset. 

7. Tipsy control rods are obviously going 
to be less than 100% efficient. Shone 
bell rods are sober, straight, and only 
work with or against the forces of the 
bells and gravity. There is no side 
thrust to deform the packing seal. A 
trifle? No, a reason why Shone packing 
boxes go years without repacking. 

8. Today, nothing is truer than ‘‘time is 
money."’ A special cast iron header, job 
tailored for each unit, holds field fitting, 
pipe cutting, etc., to bare necessities. 
Duplex units are complete with cross 
connections. The installer spends his 
time installing! 


1999-7 North Ruby Street 
Melrose Park, Illinois 


WASTE HANDLING SPECIALISTS FOR OVER 60 YEARS 
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Don't be a Guinea Pig— 


Insure Against Future 
Treatment Plant Trouble 


Trickling Filters for sewage and industrial 
wastes treatment works continue forging to the 
front. Their success and growth in numbers 
has been largely due to general use of vitrified 


W PCF 


clay floor blocks in the underdrains. Employ- ‘ 
: eae oe ment of these blocks offers you best assurance 
Komsos City 6, Mo of satisfactory future operation. 


Any “economy” gained by use of substitute ma- 
terials instead of vitrified clay in the floors can 
be lost, and more than lost, if the substitute 
fails to measure up to clay’s proven perform- 
ance. Experience has shown vitrified clay to be 
the one material with an uncontrovertible rec- 


TRANSLOT 
P ord of long trouble-free service in combating 
‘annelton Sewer Pipe Co 


Connelton, Ind the corrosive effects of acids, alkalis and bac- 

teriological action. This fact alone argues 
= overwhelmingly against experimenting with sub- 
stitutes lacking in clay’s time-tried and tested 
service-history. 


Pemens, Ne Cor 


Only the manufacturer members of this Insti- 
tute offer a 50-year Guarantee of their blocks. 


DEMAND CERTIFIED UNDERDRAIN 


BLOCK 


Vitrified Clay Block manufactured by TRICK- 
Bewerston Shale Ce. LING FILTER FLOOR INNSTITUTE members 
Bowerston, Ohio and tested by the Materials Testing Laboratory 


of Rose Polytechnic Institute comply with or 
Serra exceed ASTM Specification C 159-59T. 


4 


Notco Corporation 
Pittsburgh 22, Po 


FOR FULL ARMCRE 


TRANSLOT 


DATA WRITE etal Clay Co., Ine. Texos Vitrified Pipe Ce 


rozil, Ind 


Minerol Wells, Texos 


NEAREST MEMBER. 


The Trickling Filter Floor Institute 


An organization of manufacturers to further research, development 
clay underdrains for trickling filters 


and improvement of vitrified 
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FLUIDICS* art work 


How to increase 
aeration capacity 
without adding 
new tankage 


Here is the new activated sludge system at 
York, Pa. Sewer Authority. Plant capac 
ity is higher than ever before, yet not a 
cent has been spent for new basins 

Four Permutit® Permaerators make up 
the heart of the system. The unit you see 
being installed is capable of transferring 
115 Ib. of oxygen per hour with a com- 
pressed air flow of only 420 cfm. 

High effic rencies of this type are possible 
by utilizing atmospheric air entrained by 
the upper turbine of the Permaerator. In 
addition, the upper turbine redisperses 
compressed air released from a sparge ring 
beneath the lower turbine. 

Albright & Friel, the consulting engi- 
neers, recommended Permutit Permaerators 
because of their high efficiency, rugged 
construction, and low initial cost. By the 
installation of four Permaerators, the sys- 
tem’s ability to handle higher hydraulic 
and biological loadings was significantly 
increased. Since Permaerators are adapt- 
able to old as well as new basins, this in- 
crease in treatment capacity was achieved 
without construction of any additional 
tankage. 

What York has done, you too can ac- 
cumplish. If you need to increase the ca- 
pacity of your activated sludge plant with 
a minimum of capital expenditure, consider 
the Permutit Permaerator. For further in- 
formation, write for Bulletin 4619. Permutit 
Division. Dept JW-ill, 50 W, 44th 
Street, New York 36, N.Y 


*FLUIDICS is the Pfaudler Permutit pro- 

gram that integrates knowledge, equip- 
ment and experience in solviny problems 
involving fluids 


Twin-turbined unit being installed here is one of four Permutit Permaerators now in use at 
York, Pa.—one in each of two aeration tanks, and two in the return sludge stabilization tank. 


PFAUDLER PERMUTIT inc. 


Specialists in FLUIDICS... the science of fluid processes 
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KEY 
to 
37,000 JOURNAL Pages 

in 
Two Short Volumes 


TWENTY-YEAR INDEX to Sewage Works Journal, 1928- 
1948, Volumes 1-20, provides complete indexing for these 


important 20 years, with 144 pages in handsome buckram 
binding, $3.00. 


TEN-YEAR INDEX to Sewage and Industrial Wastes, 
1949-1958, Volumes 21-30, covers 10-year period of the 
successor to original Journal; 168 pages; in buckram bind- 
ing to match 20-Year Index, $4.00; in heavy paper, $3.00. 


Both indexes contain separate listings by author, sub- 
ject. and geographical categories, along with full cross- 
referencing. These features make them complete and 
easily used references. 


Send orders to the Federation office; convenient coupon provided 
on WPCF Publications page elsewhere in JOURNAL. 


WATER POLLUTION CONTROL FEDERATION 
48435 Wisconsin Avenue Washington 16, D.C. 


\ 

Bec. 
& 


JOURNAL 


Clean Water 


WPCF 


FOR FITCHBURG PAPERS 


The Fitchburg Paper Company of Fitch- 
burg, Massachusetts, is a producer of high- 
quality specialty and technical papers for a 
widely diversified market. Fitchburg products 
include photographic papers, reproduction 
papers, gift-wrapping papers, transparentized 
sheets for business forms, and many other 
highly specialized, quality papers. 


An important ingredient in paper manu- 
facturing is an abundant supply of good 
process water. The manufacture of Fitchburg’s 
high quality papers demands an exception- 
ally clean, pure water. To improve their prod- 
uct quality to meet the exacting demands of 
their various customers, Fitchburg Paper 
Company, in 1957, added to their facilities 
a completely new process-water filtration 
plant, in which the key equipment is a 
Hardinge Automatic Backwash Sand Filter. 


Raw water is drawn from a nearby river, 
pass2s through a sedimentation reservoir, and 
enters the new water filtration plant. 


The Hardinge filter tank measures 16 feet 
in width by 110 feet in length. The filter bed 
is separated by vertical stainless steel spacers 
into 165 compartments running across the 16’ 


width of the filter bed, each with its own 
sand bed and underdrain, and individual 
opening to the filtered water channel. 


The sand in each of these compartments 
is cleaned periodically by a moving back- 
wash carriage which reverses the flow in the 
compartment over which it is operating, 
backwashing one compartment at a time 
with filtered water, while the rest of the filter 
bed operates in the normal manner. Filtra- 
tion is continuous, with no shut-down neces- 
sary for backwashing. 


Operation of the backwash carriage is 
controlled automatically either by water- 
level operated switches, or by a _ timing 
device. 


The filtered water drops to a clear well 
directly beneath the filter, and from this 
point is pumped, as needed, to the various 
paper making processes. 


The Hardinge filter at Fitchburg has been 
in operation for nearly four years, and is 
currently providing approximately 5 million 
gallons per day of process water which 
satisfactorily meets the Fitchburg paper 
quality requirements. 


Interior view of the Hardinge Filtration Plant at Fitchburg Paper Company. A clear-well 


is located directly under this 5,000,000 gallon per day filter. 


““Hardinge Equipment—Built Better to Last Longer.” 


NEW YORK 
TORONTO 
CHICAGO 
HIBBING 
SALT LAKE CITY 
SAN FRANCISCO 
HOUSTON 
LAKELAND 
BIRMINGHAM 
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Consulting Engineers: Gannett Fleming Corddry & Carpenter, 
Harrisburg, Pa 
Contractors: Rice & Weidman, Lancaster, Pa. 


DORR-OLIVER VACUUM FILTERS 


keynote efficient Harrisburg 


The recently completed sewage 
treatment plant at the state capitol 
Harrisburg, Pennsylvania, pro- 
vides efficient primary treatment 
for the area’s discharge to the Sus- 
quehanna River. 

With a design capacity of 26.8 
MGD, this up-to-date installation 
represents Pennsylvania’s first 
large sewage treatment plant on the 
Susquehanna in the state’s program 
of pollution abatement. 

Key components in the system 


are two Dorr-Oliver 8’ dia. by 12’ 


sewage treatment plant 


DORR-OLIVER. 


WORLD-WIDE RESEARCH ¢ ENGINEERING * EQUIPMENT 


face stainless steel vacuum filters 
with rubber covered components 
which dewater raw or digested 
sludge. 

Dorr-Oliver also furnished two 
type WA Detritors® 30’ sq. by 4’6” 
deep, to remove grit from a peak 
flow of 72 MGD; and a Multdiges- 
tion® System comprising two 85’ 
dia. by 29’ side depth digesters. 

For more information on sewage 
treatment units write to Dorr- 
Oliver Incorporated, Stamford, 
Connecticut. 
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ANALYTICAL CHARACTERISTICS OF OIL- 
TAR MATERIALS ON SOUTHERN 
CALIFORNIA BEACHES 


One of the common characteristies 
of beaches in oil-producing areas, such 
as Southern California, is the periodic 
deposition of oil-tar materials having 
their origin in natural offshore seeps. 
Because these beaches may also receive 
and tar materials 
non-natural 
offshore. wells, tankers, and 
sewer outfalls), much interest has de- 
Southern California on 
means for characterizing 
and distinguishing between these sev- 


deposits of oil 


originating from sources 


(such as 


veloped in 
practicable 


eral classes of materials. 

In 1957 a study program for sam- 
pling and analysis of oil-tar beach de- 
posits in Southern California was 
initiated. This work ineluded develo- 
ment of analytical methods for chemi- 
cal charaterization of these materials 
(1). In 1959 an additional program 
was begun, involying the quantitative 
sampling and chemical characterization 
of oil-tar materials collected from six 
different Southern California 
over a period of one year (May 1959 
through April 1960). The findings of 
this second study (2) are reported in 


beaches 


this discussion. 


Beach Sampling Stations and 
Methods 


The locations of the six coastal sam- 
pling stations, shown in Figure 1, were 
selected to represent a variety of dit- 
ferent conditions and 
variety of different proximities to 
known offshore tar Figure 2 


beach also a 


seeps. 


Harve uy F. Ralf 
cons ulting engineers with Engine é rina-Neie nce, 
Inc.. Arcadia and Oakland, Calif. 


Ludwia and Carter are 


Harvey F. Ludwig and Ralf Carter 


shows views of the stations. Selections 
were limited to places characterized by 
a uniform expanse of beach (not adja- 
cent to jetties, coves, ete.), the absence 
of artificial cleaning, and absence of 
extreme The six 
stations were numbered as follows: 1. 
Sunset Beach, 2. Torrance County 
Beach, 3. Mussel Shoals, 4. Summer- 
land Beach, 5. Coal Oil Point, and 6. 
Gaviota Beach. Two sampling plots 
were located at Sunset Beach, about 
500 ft apart, designated Stations 1A 
and 1B, for the purpose of comparing 
data obtained from two nearby plots 
on the same beach. 

The test plots at five of the six sta- 
tions extended 100 ft along the beach 
and reached from the water’s edge at 
low tide to the high tide level. At 
Coal Oil Point, where the magnitude 
of the deposits was relatively great, 
the length of the test plot was reduced 
from 100 to 6.0 ft. The plots were 
limited to these sizes primarily by the 
time required to collect the oil-tar 
samples (30 to 60 min for 1,000 sq 
m) and the gross amount of sample 
to be collected (usually between 100 
and 3,000 g). The 100-ft long plot 
represented an area of approximately 
1,000 sq m, and yielded information 
such that 90 per cent of all samplings 
of deposits ranged in weight between 
18 and 180 per cent of the average de- 
posits of several stations in the area. 


currents or. tides. 


Procedure 


All visible particles of oil-tar de- 
manually picked up or 
scraped from rocks, seaweed, or other 
beach artifacts. As much of the debris 


posits were 
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A AMPLING STATIONS 

SOUTHERN CALIFORNIA BEACHES 
STATION DESIGNATION NUMBER 

SUNSET BEACH 
TORRANCE BEACH 2 
MUSSEL SHOALS 
SUMMERLAND 
COAL OIL POINT 
GAVIOTA BEACH 


FIGURE 1.—Coastal sampling stations on Southern California beaches. 


as could be easily separated by hand 
was discarded, with the remainder 
packaged and shipped to the labora- 
tory. 

In instances when the sampling area 
contained a large number of tar ‘‘ bead 
drops’’ and or a significant amount of 
oily film, these materials were collected 
by removing the top 0.5 em of th 
When the film 
limited extent, the 
sand surface for the entire area of the 


surface layer of sand. 
deposits were of 


deposit was collected, quartered down 
to a volume convenient for transport to 
the laboratory, and there extracted and 
mixed with the extract from the regu- 
lar oil-tar sample in suitable propor- 
tions. Where the entire portion, or a 


large portion, of the sampling plot 
contained an oily film deposit, a 5-em 
strip of sand extending from the wa- 
ter’s edge to the high tide level 


collected. 


was 


Precision and Frequency of Sampling 

With respect to the precision and ae- 
curacy of sampling oil tar deposits col 
lected by manual pickup, Merz (1) re- 


ported an accuracy of 90-per cent 


oil-tar recovery. 
the coefficient of 


In the present study 
variation for oil-tar 


for a beach deposit 


was determined to be 
Hence, 
averaging 0.2 g sq m, 9 of 10 samples 
collected from the 
quantities of tar 


recovery 
per cent. 
beach would show 
within the 
0.152 to sq m. 


limits of 


Samples were collected once every 


month over a period of one year. 
Sampling was conducted on days when 
a low tide occurred between 1200 and 


1400 hours. 


Classification of Beach Deposits 


The literature contains many refer- 
from 
in the Los Angeles and Santa Barbara 
Southern 


ences to oil-tar materials seeps 


areas of but no 
this ma- 
terial was found. A brief summary by 


Emery (3 


California, 


mention of classification of 


of the history and present 


knowledge of California seeps was pub- 


lished in 1960. This publication dis- 
tarry beach 


deposits and reports the general loea- 


various forms of 


CuSSeS 


tion of 20 offshore oil seeps in Southern 
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California. In the University of South- 
ern Merz (1) dis- 
cussed phy sical differences in beaeh tar 


deposits. 


California studies, 


The present study presents 
a classification pattern. 


SUNSET BEACH, STATION IA-1!B 


MUSSEL SHOALS, STATION 3 


COAL OIL POINT, STATION 5 


ON BEACHES 


Classification Scheme 


The various oily substances encoun- 
tered on the beaches were separated 
into six groups, selected on the basis of 
their presumed origins, and the six 


SUMMERLAND BEACH, STATION 


GAVIOTA BEACH, STATION 6 


FIGURE 2.—Coastal sampling stations, 1959-60. 
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Rock-Like Pebble Tar Among Gravel Deposited 
9 4 Fresh Chunk of Tar Deposited 
at Mussel Shoals on Cliff at Gaviota Beach 


~ 


yf: a Dendritic Pattern of Bead Drops of Tar at 


"Fresh Chunk of Tar 
Summerland Beach 


Wafer Tar Deposit 


"Dried" Chunks of Tar on Coal Oil Point 
Sunset Beach 


FIGURE 3.—Typical tar deposits. 


chemical and physical determinations 


groups were subdivided into classes. 
the laboratory. The individual 


The various groups and classes were in 
established from physical character- groups and classes, some of which are 
istics which could be distinguished dur- illustrated in 
ing field examination and verified by follows: 


Figure 3, are defined as 


4 
it 
1126 
; 2 4 
a \ 
ive 
: 
: 


Vol. 33, No. 11 


Group / This comprises particles 
offshore tar 
after 
cycles of being deposited on the beach, 
The time 
the particles on the 


deposited from seeps, 


either directly or one or more 
refloated, and redeposited. 
of exposure of 
beach ranges from zero for ‘‘very 
fresh’? deposits to prolonged periods 
The 
apparent specific gravity of this tar is 
that of seawater due to en- 
trained bubble cavities. The extraeted 
venerally 
There are three 
distinct classes in this group. 


for ‘‘dried’”’ deposits. gross or 


less than 


tar (without cavities) is 


heavier than seawater. 


1. Bead Small spherical 
pieces of tar are deposited on the beach, 


drops. 


usually in lines of bead-like segments, 
The 


seaweed. 


giving a lacework appearance. 
often mixed with 
Individual tar pieces are small, from 
1 mm to 1 em in size and from 0.1 to 
0.5 2 in weight. 

2. Wafers. 
0.5 to 75 mm in diameter by 1 to 7.5 
mm in thickness, and weight from less 
than 0.1 to 2.5 ¢. The wafers oceur 
in the form of flat sheets, the thickness 
of each sheet being about one-tenth the 
maximum width of the wafer. The 
edges of the pieces are irregular in 


beads are 


These oceur in sizes of 


shape, giving the appearance of having 
been torn from a larger sheet of tar. 
The tar has a felted texture and oe- 
casionally contains small bubbles of 
entrapped The wafers have a 
dull luster when first deposited on the 


vas. 


beach but acquire the appearance of 
‘‘fresh’’ tar when exposed to the sun. 
The to float in 
the surf, and were collected from all 
beaches sampled. 


wafers were observed 


3. Chunks. These are discrete and 
sizable tar pieces, generally having a 
“melted down’’ They 
weigh from 0.5 ¢@ to several kilograms 
and diameter from 1 to 


The pieces are 


appearance, 


measure in 
than 30 

thicker than wafers, ranging from 0.5 
cin. 
and other beach debris, and when ex- 


more cm. 


to about They adhere to rocks 
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posed to the sun tend to ‘‘ereep.”’ A 
significant number of the chunks reach 
the shoreline the 


form of globose 


lasses. Some of the wafers may as- 
sume a similar globose appearance due 
to the heat of the sun, but the interior 
of such wafers are differentiated 
through their felted texture. Both 
have bubbles of entrapped gas. As dis- 
tinguished from fresh which 
generally have a vitreous luster, the 


chunks, 


dried chunks appear dull and fracture 
rather than reform under stress. 


Group IT (Pebble Tar).—This ecom- 
prises secondary deposits from offshore 
tar seeps, i.e., Group I materials which 
washed off the beach and 
redeposited, but which will not float 
due to accumulation of sand. The sand 
content varies from that amount which 
increases the specific gravity of the 
deposit to just above that of seawater 
(approximately 10-per cent sand) up 
to about 90-per cent sand. 


have been 


The pebbles are smooth in appear- 


ance and are round or bean-shaped ; 
they like black The 
pieces have a dull luster, and are worn 
round or shape due to 
abrasion. The pebbles weigh between 
0.5 and 100 ¢ each, and have an ap- 
parent density between 1.06 and 2, de- 
pending on the sand content. This 
collected from all 
beaches almost exclusively during the 
winter found in the 
vicinity of tidal pools and at the upper 
margin of beach gravel bars. 

Group III,—This group includes all 
greasy substances released from ocean 
outfalls. Such deposits were found 
only at Sunset Beach; they had the 
appearance of brown stained wax or 
paraffin, and an odor characteristic of 
sewers. Their extracts contained 14- 
per cent ether insolubles and were 100- 
per cent saponifiable. 


look pebbles. 


elobose in 


class of tar was 


season. It is 


Group IV.—This comprises spills of 
refined petroleum products from tank- 
ers or other ships. The only specimen 
of this group collected during the 
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1959-60 
covered wooden paddle found at Sunset 


investigation was a grease- 
Beach. 
Group V.—This ineludes leakage or 
discharge from offshore wells and crude 
oil spills from tankers. Samples of 
this group were collected frequently in 
significant quantity from Summerland 
Beach, 
amounts at Beach, 
Shoals, and Coal Oil Point. The Sum 


merland Beach material appeared to be 


and oceasionally in_ trace 


Sunset Mussel 


seepage from an abandoned oil well in 
The Group V 


deposits are divided into three classes: 


the nearshore water 


1. Oil Film. 
extensive areas of the beach, generally 
concentrated in 


These deposits cover 


lines along the beach. 
The film tends to cover each sand grain 
and is best sampled by collection of the 
surface layer of sand. 

2. Brown Foam. Occasionally the 
oil will be deposited as a brown foam 
along the water’s edge 

3. Oil Patches. 
infrequent and resemble oil poured on 
the beach. 


These are relatively 


The oil patches are up to 
3 or 4 em in diameter by about 1 em 
located high 


deep, usually near the 


water line. 


Group Vi. 
terials not 
groups. 
collected relatively insignificant 
and included oil shale, asphalt paving 
particles, and unidentified particles. 


This comprises all ma- 


included in the above five 
The amounts of such materials 


were 


Genesis and Interaction of Beach 
De posits 


field 


various phases of apparent deposition 


Based on observations of the 


and redeposition cycles, and on labora 


tory analyses of specimens in 


| progres- 


sive stages of alteration, a definite pat- 


tern appeared coneerning the origin 


The 


tarry material originally coming from 


and changes in beach deposits. 


a marine seep is transported along the 
surface of the water due to entrained 


vas. 


This material is deposited on the 
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beach and may be resuspended by the 


action of waves Occasionally, and 


particularly during ebb tide, a piece 
of the tar is deposited beyond the reach 
of subsequent waves of that tidal cycle. 
The deposit is then softened by solar 
heat, loses volatile fractions, and col- 
leets sand. In subsequent tidal eyeles 
this process is repeated until the de- 
posit becomes either attached to perma- 
such as rocks) or until 


nent objects 


it collects sufficient sand = to prevent 


floating. The heavier or Group IT de 


posits are moved along the coast and 


deposited on the beach generally to- 
Eventu- 
ally they are washed out to sea and are 


gether with gravel deposits. 


presumably deposited in’ submarine 
canyons, as indicated by the fact that 
small f 


masses 


tar are occasionally 
found in bottom cores at great depths. 


Amounts of Oil-Tar Deposits 


Most of the oil-tar materials found 
on Southern California beaches appear 
to be fresh (Group 1] 
offshore 


concentration of 


deposits of tars 
The 


these deposits 


from Sees. geometric 
mean 
California beaches 
is approximately 0.10 g/sq m, and the 
corresponding arithmetic 


proximately 0.13 g/sq m. 


on most Southern 
average is ap- 
These values 
are much less than those 
Merz (1 to be a 
recreational purposes 


considered by 
nuisanee for beach 
The amount of 
deposit at a given place fluctuates, as 
shown in Figure 4, with the peak values 
representing from 5 to 10 times the 
usual amount; hence the peaks are at 
or near the nuisance level. Such peak 
concentrations characteristically 
velop rapidly and then tend to disap- 
pear over the following one or two 
mouths, 

Southern are 


rarely if ever entirely free of tar de- 


California beaches 
posits and at least a few pieces of tar 
appear to be brought ashore with each 
tidal eycle. The Group I and Group 
{1 materials 

constitute the 


those of natural origin 
bulk of oil-tar 
materials normally found on beaches, 


great 
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Sunset Beach 
Station 1A 
Staton IB 


Torrance Beach 
Station 2 


g/sqm 


x 
oO 
WwW 
z 
= 


Mussel Shoals 
Station 3 


Summerland 
Station 4 


Gaviota Beach 
Station 6 


Coal Oil Point 
Station 5 


Sept. Oct. 


MONTH SAMPLE COLLECTED 
FIGURE 4.—Amount of tar collected. 


and most of this is fresh (Group I) 
deposit. The amount of the Group I 
deposits follows a pattern character- 
istic of a given beach, which may be 
predicted on a statistical basis as will 
be discussed. The Group II deposits 
are closely associated with the amount 
as well as the 
amount of deposited gravel; due to 


of Group I material 


similarity between pebble tar and 
gravel as to size, shape, and density, 
both are transported onto the beach 
by the same type of surf currents. The 
Group I deposits are greater in the 
summer (when temperatures are 
warmer) and the Group IT deposits are 
greater‘*in the winter (when currents 
and wave action are stronger). 
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TABLE I.—-Amounts of Group I Tar Deposited on Southern California 
Beaches in 1959-60 (g/sq m 


L959 
May 0.307 0.204 0.021 0.598 O.378 1,150 0.244 
June 0.096 0.054 0.035 0.101 0.002 3.890 0.035 
July 0.097 0.139 0.074 0.198 0.159 R42 0.200 » 
Aug. 0.163 0.119 0.281 0.583 0.336 610 (0.243 
Sept 0.055 0.099 0.09] 0.181 0.207 754 0.462 
Oct 0.304 1.350 0.918 0.014 0.006 0.302 
Nov 0.126 0.385 0.063 0.0038 0.016 2 O10 O.119 
Dec. 0.010 0.064 0.067 0.004 0.022 OGS 0.103 
1960 
Jan 0.023 0.029 0.006 0.035 0.030 126 0.202 
Feb O.OLS 0.030 O.309 0.105 0.000 L570 LOL 
Nar 0.600 0.626 0.107 0.134 0.004 122 0.346 » 
Apr 0.083 0.025 0.018 1.050 0.023 
Geometric me 0.090 0.1438 0.088 0.059 0.024 9.20 0.180 
Geometric standard 
deviation LIS 1.42 8.50 11.4 2.26 
* The pebble tars are now l ided in the amount of deposit at this station 
t The oil film deposits and the pebble tars are not included in the amount of deposit at this 
station 
nm Variation in the amount of | 
os Tar Deposited along Sunset Beach 
Frequer plot percent difference between the 
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FIGURE 5.—Variation in the amount of tar deposited along Sunset Beach. 
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Group I Tar Deposits 


Table I is a summary of the amounts 
of Group I tars found each month at 
the several sampling stations, which 
data have been plotted in Figure 4. 
There was generally good agreement 
between the amounts of oil-tars eol- 
lected from the two nearby plots at 
Sunset Beach, as shown by Figure 5, 
The geometric mean deposits were 
0.090 and 0.1483 2/sq m for Stations 
1A and 1B, respectively, and the corre- 
sponding geometric standard deviations 
were 4.18 and 4.42. Also, considering 
all stations, the amount of deposition 
was generally greater with closer prox- 
imity to offshore seeps, and the greater 
the deposition the less the variability 
in deposition. 

The frequencies at which various 
amounts of tar were found at the six 
beaches were computed and_ plotted ; 
for example, Figure 6 shows these fre- 
quencies for Sunset Beach and Tor- 
rance County Beach. From these data 
the geometric mean, xg, and the geo- 
metric standard deviation, og, were 
computed. At Sunset Beach, for ex- 
ample, 50 per cent of the tar deposits 
og) were less than 0.09 @&/sq m, and 


3 per cent (2 og) were greater than 


2 
1.56 @/sq m. 

Except for Coal Oil Point, there 
appears to be a correlation in the 
amount of tar deposited on the beaches 


between Point Conception and Ventura 
as shown in Figure 3 (Stations 3, 4, 
and 6). There is a similar correlation 
in deposits along Santa Moniea Bay 
and San Pedro Bay (Stations 1A, 1B, 
and 2). The tar deposits along the 
coast between Point Coneeption and 
Santa Barbara (represented by Station 
6) are greater than the deposits along 
Torrance County Beach and Sunset 
Beach (represented by Stations 1A, 
1B, and 2), and the deposits between 
Santa Barbara and Ventura (repre- 
sented by Stations 3 and 4) are less 
than those at Torrance County Beach 


and Sunset Beach. 
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Seasonal Effects on Tar Deposits 


The deposition of tar along the 
Southern California coast appears to 
be seasonal. Although the data ac- 
cumulated during the one year of sam- 
pling were insufficient to establish 
definite cycles, data shown in Figure 
7 suggest that cycles exist. As shown 
in Figure 4, heavy deposits of tar 
periodically occur over extended areas 
of the coast. By grouping the data 
from all sampling stations (excepting 
Coal Oil Point) into three-month inter- 
vals corresponding with the seasons, a 
yearly cycle in the amount of tar 
deposited becomes more evident. The 
Group I tar deposits are heaviest in the 
fall and at a minimum in the spring, 
and are heavier during summer than 
winter. There also appears to be a 
correlation between seasonal changes in 
tar deposits and the temperature of 
the ocean surface water. 


Chloroform Extractables on Sand 


The amount of oil-tar residue in 
the surface layer of apparently clean 
beach sand was determined for the six 
stations during the month of February 
1960. The average amount of film 
material was, surprisingly, 0.084 g¢/sq 
m or about one-third the arithmetic 
average amount, 0.220 ¢@/sq m for the 
Group I tars collected from the sur- 
face of all beaches (excepting Coal 
Oil Point) during the same month. 
These data indicate that apparently 
clean sand contains appreciable 
amounts of oil-tar, but this is well 
distributed and not visible. 


Chemical Characterization of 
Oil-Tar Materials 


The chemical characteristics of the 
oil-tar samples, collected over the 12- 
month study period, were determined 
using a procedure patterned after the 
method given by Rosen ef al. (4) as 
illustrated in Figure &. Essentially 
this procedure involves extracting the 
oil-tar materials using chloroform as 
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Geometric 1A 
Mean, X,,9/sqm0.090 
Standard deviation 418 


FREQUENCY DISTRIBUTION OF TAR 
LIKE DEPOSITS COLLECTED FROM 
iSUNSET BEACH & TORRANCE BEACH 
DURING !959-60 


T 


AMOUNT OF TARRY SUBSTANCE COLLECTED, g/sqm 


A 
B ---e--- 


TORRANCE 


235 3399 


PER CENT OF MONTHLY MEASUREMENTS EQUAL TO OR LESS THAN STATED MAGNITUDE 


FIGURE 6.—Frequency distribution of tar-like deposits from two beaches. 
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FIGURE 7.—Seasonal changes of the chemical character of tar deposits compared 
with seasonal changes in the amount and class of tar deposits. 
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TABLE Il. 


November 1961 


Chemical Characteristics of Typical Group I Beach Deposits 


Collected in 1959-60 (per cent) 


Fractions Separated t Beacl Torr 
from Chlorof« 


xtract 


ince 


Ether insolubles 
Water solubles 
Neutrals 
Aliphatic 
Aromatics 
Oxys | 
Oxys II 
Weak acids 
Strong acids 
Bases 


Loss 


the solvent, followed by successive 
steps which separate the extract into 
various fractions comprising ether sol- 
ubles, ali- 


phaties, aromatics, oxygen, weak acids, 


water solubles, neutrals, 
addition 


from 


and bases. In 


routine 


strone acids, 
to the 


of 7 


samples (1 each 
for 12 
84), similar assays were made for six 
erude parts of the 
world and for six crude oils from off- 
shore wells located alone the Southern 
California coast. 


stations months, totaling 


oils from various 


Typical Beach Deposits 
The 
beach 


characteristics of six 


the 
most frequently 


chemical 


tars of type which occurs 


Group 1), of three 


TABLE III. 


Mussel Shoals 


examples of beach tars that occur less 
frequently, of an unidentified oily de- 
posit, and of a crude oil beach deposit 
Tables II and III. 
The six beach tar samples were seleeted 
on the ether 
fraction close to 30 


are presented in 


basis of their insoluble 
per cent, 
the most probable value for this frae- 
tion for all the beach samples collected 
during the 1956-60 investigation. It is 
evident Table IL that the chemi- 
cal characteristics of the Group I tar 


all 


characteristics 


being 


from 


tend to 
hence 
with 


composites from beaches 
similar 


data 


have 


these cannot be 


correlated 


specific seeps. Since the beach samples 
undoubtedly contained tars from sev- 


eral seeps, it cannot be coneluded from 


Chemical Characteristics of Other Typical Beach Deposits 


Collected in 1959-60 (per cent) 


Ether insolubles 
Water solubles 
Neutrals 
Aliphatics 
Aromatics 
Oxvs | 
Oxvs II 
Weak acids 
Strong acids 
Bases 


Loss 


Oil Film 


mmerland 
“ta 


Jan. 60 


6.5 
0.2 
S1.6 
21.7 
38.7 
18.6 
29 
0.1 
0.1 
0.2 
11.5 


sta. sta. 4 Sta. Sta. 6 
. Sey May 59 Oct. 59 Aug. 59 June 59 Nov. 59 
pe 31.4 31.9 30.3 29.2 30.3 29.7 ‘ 
oe 0.1 nil nil 0.4 0.2 0.5 
me 64.8 65.1 68.0 62.5 67.0 68.6 : 
14.4 17.7 10.2 13.5 25.1 19.9 
31.1 32.1 34.1 27.0 20.3 29.5 
2a 14.5 12.7 15.7 16.6 18.7 17.1 4 
15 1.5 3.4 5.4 1.2 2.1 
0.4 trace 0.7 1.2 nil 0.1 
uo 0.2 trace 0.2 trace nil 0.2 
1.1 trace 0.2 nil (0.2 
| 20 2g 0.4 6.6 2.5 OLS 
; 
aie Pebble Ta Dried Tar Fresh Tat Unidentified a 
from Chlorofor 1 
Summerland Mussel Shoals Mussel Shoals Sunset Beacl 
xtrac Se Se > 
0 Dec, 59 Aug. 59 Apr. 60 
13.6 26.2 32.6 
nil 0.2 0.1 0.2 
57.5 53.3 70.7 60.7 
12.7 5.6 14.5 30.7 
28.3 22.4 27.9 14.7 
14.7 21.8 17.3 8.4 
2.3 5.1 2.3 
ake 0.1 0.1 0.1 0.1 
0.1 0.1 0.1 0.1 
3 
0.1 nil 0.1 0.7 
1.0 2.8 2.6 5.5 
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TABLE IV.—Comparison of the Chemical Characteristics of Crude Oils with 
Southern California Beach Tars * 


Values for 12 Crudes 
Assayed by 
Engineering-Science, Inc 


Values for 7 Crudes 
Assayed by 
Rosen et al. (Ref. 4 


Values for 79 Typical 


Beach Tars 
Fractions Separated from 


Chloroform Extract 


Max Min Avg Max Min Min Avg 


Ether insoluble 15.5 nil 7.9 o4 2.9 
Water soluble OS O.1 <1.0 

Neutrals 99.4 89.2 | 92.8 

Aliphaties 45.4 28.9 | 38.0 

Aromatics 52.0 40.3 44.0 29.3 
Oxys I 21.9 . 14.3 | 23.9 : 27. 16.5 
Oxys Il 6.7 | 3.35 2.4 3. 3.5 

Aromatics + oxys I & II 57.9 49.3 

Weak acids 1.8 i 0.5} 2.9 | nil 0.3F 


30.2 
0.2t 
65.6 


14.1 


Strong acids | 12 i 0.4 | 4.9 | trace | <1. nil 
Bases 1.9 0.5 | <1.0 ace <1. nil 


* Table values are weight percentage of samples after evaporation to constant weight. 


+ Data from 41 samples. 


the present study the extent to which 
different have different 
chemical characteristics. 

Dried vs. Fresh Tars (Group 1). 
In December 1959 a single piece of 
‘dried’ tar was collected from Mussel 
Shoals. The tar chunk was attached 
log partially embedded in the 
sand, and probably was on this beach 


seep tars 


to a 


for several weeks. The analysis, shown 
in Table III, indicates that the ether 
soluble fraction (44 per cent) is higher 
for dried tar than 
composited 


for the over-all or 
(30 per 
cent) which comprise mostly fresh tar. 
The tar collected from rocks at Gaviota 
Beach in Deeember had a similar dried 
appearance and in chemical character- 
istics was almost identical to those of 
the December Mussel Shoals sample. 


beach deposits 


In August 1959 pieces of tar having 
the appearance of having been freshly 
deposited were collected immediately 
on being deposited on the beach at 
Mussel Shoals. This material had an 
ether insoluble content of 26.2 per cent, 
which was four pereentage units less 
than tar samples and 18 per- 
centage units for dried tar. As 
almost all beach samples include both 


most 


less 


fresh and dried tar specimens, it is 
reasonable to that much or 
almost all of the variation in the ether 


conelude 


insoluble fraction in tar deposits may 
be due to varying proportions of fresh 
and dried specimens in the samples. 
Because of the importance of the 
ether insoluble fraction in the char- 
acterization of beach deposits, the vari- 
ation in the amount of this fraction 
contained in the monthly routine beach 
samples was compared with other ob- 
served phenomena. These relationships 
tend to illustrate the over-all dynamies 
of tar deposition. Figure 6 compares 
a plot of the average seasonal tar de- 
posits from all stations (excepting Coal 
Oil Point because of its 
heavy deposits) 


relatively 
with a plot of the 
average ether insolubles from all sam- 
pling stations. The slight increase in 
ether insoluble content during the fall 
and winter, when the amount of tar on 
the beach was high, is explained by the 
presence of a large amount of dried 
tar at some beaches and the presence 
of pebble tar at others. 

Crude Oil Film.—The analyses of 
the erude oil deposited at Summerland 
from abandoned nearshore oil wells 
serve as an excellent example of the 
chemical characteristics of such ma- 
terial after exposure to seawater and 
deposition on the beach. The samples 
collected from Summerland are of par- 
ticular significance as they simulate 
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crude oil from a tanker spill or leakage 
from an offshore oil well. A compari- 
son of the analysis of the January 
sample collected from Summerland 
Beach with the beach tar 
(Table Il) indicates the clear-cut sepa- 
ration of 


analyses 


erude oil from natural tar 


deposits. 
Crude Oils Compared with Beach Tars 
The 


acteristie 


char- 
erude oil 
samples is Table IV 
with data for the seven crudes analyzed 
by Rosen et al. (4) and with the analy- 
ses for the beach deposits assayed in 
this study. 

Table IV reveals that 
extracts amount of 
ether than the 
crudes, viz., an average of 30.2 per cent 


range of values for the 
fractions of the 


compared in 


the beach tar 
contain a greater 
insoluble  fraetion 
by weight compared with an average 
The 
of this fraction for all typical beach 


of 7.9 per cent. minimum value 
tar samples was 21.7 per cent, and the 
maximum recovered from the 12 erude 
oils was 15.5 per cent. Considering 
the expected variation in values ob- 
tained in the analysis for this fraction, 
which is 3.7 per cent 
cent confidence level, the 
value for the fraction in crude oils and 
the minimum value for the fraction 
in beach tars would be 16.5 and 20.3 
per cent, respectively Or. 
of the 12 crude oils assayed, in less 
than 10,000 would 
the ether insoluble fraction fail to indi- 


for a 99.9-per 


maximum 


on the basis 


one assay in 
eate the correct origin of either a erude 
oil or a beach deposit of seep origin. 

In general, the ether insoluble frae- 
tion plus the neutral fraction consti- 
tute between 95 and 99 per cent of the 
extracts from both the beach tars and 
the crudes. Since 
ether 
cerudes amount of 
neutral data 
show that the ranges of values for the 
neutral beach tars and in 
erudes may slightly overlap and there- 
fore index is valuable than 


tars contain more 


insolubles than ernde oils. the 


contain a 
fraction ; 


vreater 
however, the 


fraction in 


this less 
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the ether insolubles for differentiating 
purposes, 

summarized 
characteristics of 


comparison of the 
tars 

erudes is presented in Figure 9. 
data 
are consistent in showing that a single 
fraction of the material extracted by 
the method of Rosen et al. (4) ; namely, 
interrelated, the ether insoluble frac- 
tion, is in itself sufficient to differenti- 


seep versus 
The 


accumulated from the analyses 


ate beeween a seep tar deposit and a 
erude oil deposit. The neutral fraction 
(which is interrelated to the ether in- 
solubles and which, together with the 
ether 
98 per cent of the chloroform extract) 
is similarly useful, in many cases, for 
distinguishing 


insolubles, makes up to 94 to 


between erude oils and 


seep tars. There is appreciable over- 
lapping of the ranges of values for the 
other eight 


ter solubles. 


constituents, viz., the wa- 


aliphatics, aromaties, 


oxys I, oxys II, weak acids, strong 


acids, and bases. 


Special Investigations 


Throughout the course of the study 
investigations were carried on for the 
purpose of developing characterization 
techniques that would either supple- 
ment or improve the method of Rosen 
et al. These 


the following conclusions: 


investigations developed 


1. Chromatography and fluorescence 


are valuable tools for characterizing 
oil-tar materials beyond the limitations 
of the method of Rosen et al., but the 
application of these techniques is too 
complex and costly for routine char- 
acterization work. 

2. Limited 
content of 


sulfur 
indicate 
that this determination may be a valu- 


analyses of the 


oil-tar materials 


able means for characterizing seep de- 


posits as to the seep of origin. 

3. Measurement of the nitrogen con- 
tent of oil-tar materials does not ap- 
pear to furnish sufficiently extra in- 
beyond that given by Rosen 
merit the extra 


formation 


et al.) to work in 
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FIGURE 9.—Chemical characteristics of crude oils from Southern California and other 
sources and tar from seeps located along the Southern California coast. 


making routine nitrogen determina- 
tions. 

4. Determination of the specific 
gravity of the chloroform extract is a 
valuable index for supplementing the 
Rosen et al. method, as discussed be- 


low. 
Specific Gravity 


Specific gravity determinations were 
made of the chloroform extract for 42 


of the beach tar samples (those col- 
lected during the last six months of the 
study) and, for comparison, for seven 
crude oil samples from offshore South- 
ern California wells. Data for beach 
tar samples are contained in Table V 
and the crude oil comparison is given 
in Table VI. For the crude oils the 
specific gravity was determined for the 
original samples as well as the extract. 
The specific gravity of the extracts 
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TABLE V. 


Source 


of Tar 
Nov 


Sunset Beach 0.99] 1.022 

0.976 1.059 
Torrance 1.000 1.028 
Mussel Shoals L.OS1 1.062 
Summerland 0.989 1.062 
Coal Oil Point 0.996 1.042 
CGaviota 1.033 1.041 


Average 1.002 1.045 


from the crudes was higher (by an 
average of 4.2 per cent) than for the 
raw crudes, due to loss of lighter frae- 
tions during evaporation of the chloro- 
form following extraction. For the 
beach tars there was an apparent corre- 
lation between the extract specifie grav- 
ity and the percentage of ether in- 
solubles; this relationship might be 
expected since the asphaltenes which 
constitute much of the ether insolubles 
have densities in the range of 1.22 to 
1:26 (5) 

The specific gravity of the chloro 
form extract of seep tars was generally 
vreater than one and averaged 1.0333: 
whereas for crude oils the extract spe- 
cific gravity was generally less than 


TABLE VI.—-Specific Gravity of Crude Oil 
Originating from the Southern Cali- 
fornia Coast ( Determinations 
made at 20 + 2°C 


Crude Oil from Offshore R 


Vell ‘aw | Extract 


ells ( le Inc 


Rincon Oil Field 


State Well No. 48) 0.912) 0.954 1.6 
No. 22 | 0.870! 0.955 OS 

Summerland 
Low gravity 0.876) 0.905 3.3 
High gravity 0.826 0.898 8.7 
Abandoned wel! 0.973 0.972 0.1 

Redondo 

No. 1 0.922 0.931 1.0 
No. 11 0.955 | 0.971 
Average 0.905 0.941 1.2 
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Specific Gravity of Tar Originating from the Southern California Coast 
Determinations made at 20 + 2°C) 


Month of 


November 1961 


lar Collection, 1959-60 


Jan Feb Mar Apr Ave 


1.016 1.051 1.023 1.020 
1.020 0.968 1.033 1.031 1.015 
1.042 0.999 1.061 1.041 1.029 
1.041 1.034 1.051 1.049 
1.056 1.056 1.050 1.048 1.044 
1.027 1.029 1.071 1.042 1.0385 
1.041 1.025 1.061 1.051 1.042 


1.035 1.018 1.058 1.041 1.033 


one and averaged 0.941. Since the 
range of overlap is small, in many in- 
stances the extract specific gravity de- 
termination alone will differentiate 
between the two types of materials. 
This suggests that the specific gravity 
be the first measurement made follow- 
ing chloroform extraction, and that the 
Rosen eft al. procedure then be followed 
only when there is still doubt as to 
the nature of the material. 


Summary and Conclusions 


A program of quantitative sampling 
and chemical characterization of oil- 
tar materials on Southern California 
beaches led to the following econelu- 


SIONS: 


1. The oil-tar material found on the 


beaches can be classified into six groups 
based primarily on physical character- 
istics distinguishable in the field but 
verified by chemical and physical de- 
terminations in the laboratory. 

2. Quantitative sampling methodol- 
ogy, developed during the course of 
this investigation, indieates the geo- 
metric mean concentration of oil-tar 
materials on most Southern California 
beaches is approximately 0.10 ¢/sq m, 
which appears to be contributed pri- 
marily from offshore seeps. 

4. Routine sampling and analysis of 
oil-tar materials permits a satisfactory 
statistical description of the amount of 
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oil-tar material expected on the beaches 
investigated at any confidence limit. 

4. Deposition of oil-tar material on 
the follow 
what of a seasonal pattern. 

5. The amount of oil-tar residue 
(chloroform soluble) found on the sur- 
face layer of apparently clean beach 
sand amounts to about one-third of the 
arithmetie average amount of the total 
oil-tar particulate material found on 
the beach. 

6. Chemical characterization 
oil-tar material found on the beaches 
using the method of Rosen et al. (4) 
in general permits definite identifica- 
tion of erude oil from natural or seep 
tar deposits. This is reflected primarily 
by a greater amount of ether insoluble 
material in the beach tar extracts com- 
pared to the crudes, viz., an average 
of 30.2 per cent versus an average of 
7.9 per cent for the crudes. 

7. Specific gravity determinations of 
the chloroform extract indicates that it 
may be possible to identify seep-tar 
material from crudes, inasmuch as the 
average seep tar extract specific gravity 
was 1.033 compared to 0.941 for the 
crude oil extract. To determine which 
of the above sources is the origin of 
the material it appears that the specific 
gravity determination should be made 
the chloroform extract, and 
Rosen ef al. procedure then 


beaches appears to some- 


first on 
that the 
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be followed only when there is still 
doubt as to the nature of the material. 
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INDUSTRY-ORSANCO COOPERATION 
IN POLLUTION CONTROL 


The Ohio River Basin has been the 
scene of a unique demonstration of 
democracy in action. The story aetu- 

L908. It 
was in this year that one of the north- 


central that its 


ally began a long time ago 


States declared river 
cities need not install sewage treatment 
facilities until other 
states on the banks of the Ohio River 
did likewise. 


among the 


communities 


This initiated discussion 
Ohio River 
pointing to the desirability of joint 
action on 


several states 


pollution abatement meas 
ures. 

However, no Steps of consequence 
until 
pollution 
This 
led to an informal among 
the states of Pennsylvania, Ohio, West 
Virginia, Kentucky, New York, Illinois, 
Maryland, Indiana, North 


Carolina, and Virginia to act in concert 


toward cooperation were taken 
1928. By 


had seriously burdened the river 


then, ine¢reasine 


avreement 


lennesse 


for control of taste-producing dis- 
charges from industry. 

Then came the droughts of 1930 and 
1934. With them 
that focused widespread attention on 
the difficulties of producing high qual 


ity drinking water Ohio 


came the publicity 


from River 


R. S. Rhodes 
to Viee-President 
Koppers Company, 

Center, Monroe lle. 
Consultant-Wastes Cont 
Relations De pa 

cals Compan South 
N. J. Ehlers is Assistant 
and General 
Pittsburgh Plate Glass (¢ 
Pa, 

This paper was pres 
Annual Meeting of the Water Pol 
trol Federation Philade lphia, 
6, 1960. 


ompany, 


nted a 


R. S. Rhodes, O. C. Thompson, and N. J. Ehlers 


sources in which the effect of pollu- 
tion had been accentuated due to low 
flow. An aroused Cincinnati Chamber 
of Commerce alerted other civic organi- 
zations to join forces with sanitation 
authorities in a campaign for action 
on pollution abatement. 


Formation of Compact 


Important registered 
when the 74th Congress of the United 
States, in 1936, 

Ohio 

into a 
Figure ] 
magnitude of the land area covered by 


progress was 


June authorized the 
14 states in the 
basin to 


River drainage 
enter compaet for 
united action. illustrates the 
the basin. 

In 1938 delegates from 8 of the 14 
states reached agreement on the 
that 


form 
could be 
recommended for adoption. By 1940 
this purpose 
had been adopted by Indiana, West 
Virginia, Ohio, New York, Illinois, and 
Kentucky. In 1940 the 76th 
United States Congress approved the 


and type of Compact 


enabling legislation for 


June 


draft of the Compact on which the ne- 
gotiating commission had agreed. Be- 
fore it could become effective, however, 
reservations requiring participation by 
Pennsylvania and Virginia had to be 
satisfied. Preoceupation with the war 
effort delayed this step. It was not 
until April 1945 that 
adopted the Compact, and Virginia be- 
March 1948. 
Ninety days later, in aecord with the 


Pennsylvania 


came a signatory” in 
legal requirements, the Compact be- 
came a reality at a ceremonial signing 
on June 30, 1948, in Cineinnati, Ohio. 
Thus ended the 
operative action 

their 


first part of this eo- 


eight sovereign states 


reconciling views and reaching 
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INDUSTRY-ORSANCO 


FIGURE 1.—Map of Ohio River Basin. 


common agreement to take on a job 
that none could do alone. 


Industry as Advisors 


The official transeript of the docu- 
ment which established the Ohio River 
Valley Water Sanitation Commission 
contains no clue to the second element 
of this unique and dramatic demon- 
stration of democracy in action. In 
the first year of the Compact the 
Commissioners and the staff addressed 
themselves to setting up an organiza- 
tion to implement the intent of the 
Compact. It was in the second year 
of the Compact that the Commission 
and its staff conceived a bold experi- 
ment in solving the complex problems 
of pollution control. This was the 
enlistment of industry groups in ad- 
vising and assisting the Commission 
in solving pollution abatement prob- 


lems and the establishment of rules, 
regulations, and standards under which 
these same industry groups could con- 
tinue to exist in a profit-motivated free 
enterprise system. 

Representatives of industry by 
generic groups were invited to meet 
with the Executive Committee of the 
Commission for exploratory confer- 
ences. The purpose of these confer- 
ences was threefold: (a) to aequaint 
industry at top level with the ob- 
jectives of the Compact and the Com- 
mission; (b) to learn at first hand 
from industrial management the prob- 
lems it faces in meeting pollution 
abatement requirements, what has al- 
ready been done to comply with ex- 
isting requirements, and what is pro- 
posed; and (c) to determine how the 
industrial group and the Commission 
might integrate their efforts. 
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Commission Organization and 
Relation of Industry 


The organization chart of the Com- 


mission and the relationship of in- 
dustry groups are evident from Fig- 


ure 2. 

On February 11, 1954, two original 
industry the 
Chemieal Committee and the Chemical 


committees, Organie 


MELLON 


METAL-FINISHING 


DISTULERY 


CHEMICAL SALTS | 
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Brine Industry Committee, were con- 


solidated into the Chemical Industry 


Committee in order to best serve the 
interests of the Commission and the 
chemical industry as a whole. 

The Third Annual Report of the 
Ohio River Valley Water Sanitation 
Commission 1951) summarizes the 


basic functions of the ‘‘industry action 


EXECUTIVE 


INTERSTATE RELATION: 


COMMITTEES 


BY-LAWS 


z} FINANCE 

AUDIT 

= 

ENGINEERING 


DEVELOPING 
QUALITY 
YARDSTICKS 


STAFF FUNCTIONS 


ESTABLISHING 
REGULATIONS 


DIRECTOR 
AND 
STAFF 


Ol, REFINING 


| state REGULATORY AGENciES | 


[LORGANIC CHEMICAL | 


| MUNICIPALITIES AND inpustaies | 


FIGURE 2.—ORSANCO organizational chart (1952). 
and the Organic Chemical Committee are now the Chemical Industry Committee. 


The Chemical Salts Committee 
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teams,’’ as they were then referred to, 
as follows: 
ranks of their 


appreciation of the 
need to minimize pollutional wastes. 


within the 
industry an 


To promote 
specific 

To assemble facts and make an ap- 
praisal of the waste disposal problems of 
the industry, with specific reference to 
conditions in the Ohio River Valley. 

To consult with the Commission in the 
establishment of 


and treatment 


water-quality 
requirements. 


objectives 


To encourage joint research and develop- 
ment of effective control of waste 
discharges through better housekeeping or 
by treatment 


more 


measures, 
To maintain liaison through the Com- 
mission with other industry committees for 
the pooling of knowledge and the dis- 


semination of information. 


Nine later (1960) these five 
statements still fairly accurately char- 
acterize the basic functions of the in- 
dustry advisory committees. 


years 


Functions of Industry Committees 


The industry committees are not ex- 
pected to define what any company 
should be expected to do. The Com- 
mission preempts no relationships that 
exist or may develop between any one 
of its signatory states and the industry 
plants in that state. The organization, 
size, and work program of each com- 
mittee are matters solely within the 
discretion of the industry group. Gen- 
erally, staff has a 
member present at the industry com- 
mittee meetings and, in addition, may 
have one or more Commissioners pres- 
ent. There is no established pattern 
of committee organization or activity. 
Each group has its own personality, 
reflecting industry characteristies and 
relationships, geographical or physical 
situations, and technical problems pe- 
culiar to certain manufacturing meth- 
ods. Some of the committees have a 
formal organization and some do not. 


the Commission 


Chemical Industry Committee 

As an example of one of the more 
formal committees, the Chemical In- 
dustry Committee, after being formed 


INDUSTRY—-ORSANCO 


‘for its operation. 
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from the consolidation of the original 
Organie and Inorganic Chemical Com- 
mittees, drew up a set of bylaws in 
order to provide a sound foundation 
These bylaws were 
finally approved by the combined com- 
mittees in July 1954 and have been 
amended three times to date. The by- 
laws carefully outline the purpose of 
the Committee, its objectives, meeting 
schedules, requirements of membership, 
terms of officers, Commission 
Committee endorsement, and 
ments to bylaws. 

The objectives of the Chemical In- 
dustry Committee are as follows: 


liaison, 
amend- 


1. Work with the Ohio River Valley 
Water Sanitation Commission to place 
and maintain the interstate waters of 
the Ohio River Basin in a condition 
that will serve the public interests in 
the most beneficial and reasonable man- 
ner. 

2. Assist in establishing reasonable 
water quality objectives in the Ohio 
River and its tributary streams. 

3. Promote programs of education to 
inform owners, management, and op- 
erating personnel of all plants manu- 
facturing or handling chemicals in the 
Ohio River Basin of the need for pol- 
lution abatement. 

4. Promote cooperation of the chemi- 
cal industry with the Commission, 
state, and other control agencies study- 
ing pollution in the Ohio River Basin. 

5. Promote greater recognition of the 
importance of improved process engi- 
neering and equipment design as_ be- 
ing essential in the abatement of pol- 
lution. 

6. Promote the exchange of informa- 
tion on pollution abatement within the 
chemical industry by liaison with other 
industries, committees, technical so- 


cieties, associations, regulatory agen- 
cies, and the Commission. 


7. Define specific problems relating 
to pollution abatement in the chemical 
industry and assist in solving such 
problems. 
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Today the Chemical Industry Com- 
mittee represents over 25 chemical 


serving public water in a usable con- 
dition. 


companies in America. Since its in- The Chemical Industry Committee, 
: ception in 1952, it has averaged four’ in order to promote a mutual bond of 
meetings a year, or a total of 34 meet- confidence between the Commission and 


ings, many of which are held in the the Committee, has had an unvarying 
various capitals of the signatory states policy to hold no meetings closed to 
to make it convenient for the Commis- either the staff or the Commission. 
sioners of these states and local state Without exception, members of one or 
authorities to meet with the Commit- the other, or both, have been present 
tee. It has brought about a better at every meeting that has been held. 


understanding of the mutual problems Thus, the Commission has had an op- 
of the state control agencies on the portunity to see and hear some of the 
one hand and industry on the other. acute problems and violent reactions 

that can and do arise in arriving at a 


Changes to Meet Current Needs nearly unanimous meeting of minds of 
) 


some 25 fiercely competitive chemical 

It was not to be expected that a corporations. A bond of mutual confi 
smooth working relationship of trouble- denee 
free cooperation between the industry 
committees and ORSANCO could be a sound working relationship between 
achieved overnight. In the first place, the ‘Committee 
the Commission itself had not fully 
established its own operational pat- 
tern in the early years of its existence. 


has been established and has 
contributed greatly toward developing 


and the Commission. 
Working procedures will, of necessity, 
alter as the Commission itself changes 
its methods of operations. 

This was a major experiment in the The 
United States in basin-wide control of you to industry committee chairmen 
pollution which cut across many state with the 
boundaries. There was little precedent 
for this type approach and it was 
necessary to pioneer. The Commission, 


Commission extends its thank- 


Achievement Award shown 


in Fieure 3. 


; Control Procedures 
therefore, was eager to achieve sue- 


cess in making the Compact a working Perhaps one measure of the extent 
reality. The operation of the Com- of the mutual confidence between 
mission, its Engineering Committee, its ORSANCO and industry is indicated 
staff, and industrial groups is con- by the following: The Compact itself 
stantly under review and adjustment establishes basic requirements for the 
to meet changing conditions. treatment of wastes and empowers the 


The concept of a regulatory agency Commission to supplement these re- 
actively seeking the cooperation and quirements; the Commission is em- 


advice of the very industries it ex- powered to prescribe and promulgate 


pected to regulate was a pioneering rules and regulations for the enforee- 
venture. Therefore, the method of ment of treatment necessities: and, 


handling this relationship is still being further, the Compact establishes the 
hammered out on the hard anvil of legal steps to be followed in establish- 
experience. It is a great tribute to ing mandatory rules, regulations, and 
the Commission, and especially its standards. Early in the operation of 


staff, that this cooperative and demo- the Compact, it became evident that to 


cratic venture is on a sounder footing follow the procedural steps required by 
today than it has ever been. It stands the Compact would be an extremely 
as a national example of one way of lengthy and costly operation for each 


solving the communal problem of pre- rule, regulation, and standard that was 


. 
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for service in cruswile 
or clean streams the 


OHIO RIVER VALLEY 
WATER SANITATION 


COMMISSION ... an interstate 
agency representing Mlineis, Indiana, 
Kentucky, ‘Pennsylvania, Virginia, 
New York, Ohio and West Virginia 


presents this symbol of esteem to 


Chairmen 


FIGURE 3.—Sample of Achievement Award. 


evolved. Therefore, the Commission these control measures is then on a vol- 
adopted a policy of developing ‘‘con- untary rather than a mandatory basis 
trol measures’’ which were then acted as far as the Compact is concerned. 
on by resolution at open Commission Of the some 14 actions, only 7 have 
meetings after having been reviewed, been handled with the full procedural 
at least in most cases, with industry steps required by the Compact. These 
advisory committees. Compliance with have primarily dealt with sanitary sew- 
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Ohio 
which 
been 


various sections of the 
The remaining actions 
industry 
acted on by the 


basis. 


age in 
River. 
involve 


wastes have 


‘‘control measure’’ 
It is significant that industry 
in general has looked on these measures 
as requirements to be met even though 
compliance is legally on a voluntary 


basis. 


Chemical Industry Committee 
Procedures 


In view of the size of the Chemical 
Industry Committee it is necessary to 
execute much of 
subcommittees 
consult with the 
their work. 


the detailed work in 
These 


Commission 


subcommittees 
staff in 
Progress reports are given 
chairmen at the 
parent committee meetings where they 


by subcommittee 


may or may not be discussed, depend- 
ing on the subject at hand. 

When a reached 
a conclusion, a recommending report is 
submitted. Where action between CIC 
and ORSANCO is two- 
thirds majority vote of those members 
present at a meeting is required. 

Reports by CIC 
mitted to the 
staff then report distri- 
bution within the Commission. It is 
present practice for the full text of 
CIC made available to 
both the Commissioners and the Engi- 
neering Committee of the Commission. 


subcommittee has 


involved, a 


are generally sub- 
Commission staff. The 


takes care of 


reports to be 


On some issues, members of the CIC 
have made reports before the Engineer- 
ing Committee, the full 
and ad hoc committees of the Commis- 


Commission, 


sion. 


The Commission staff keeps the in- 


informed 
as to which pollutants are of interest 
or concern to ORSANCO and requests 
the industry 

their opinions. 
prepares a 


dustry advisory committees 


committees to express 

Ultimately, the staff 
report and may propose a 
rule, regulation, or standard covering 
control of a pollutant. In 


this is 


most in- 


stances, now referred by the 
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Commission to all industry committees 
for their study and comment. 

The Commission staff, and the Engi- 
neering 
extent, 


Committee to an increasing 


evaluate the industry 


ments and may or may not modify a 


com- 


proposed control before submitting it 
to the Commission for final action. 
Industry committees do not always 
have an opportunity to comment on 
controls before the 
final action. 


Commission takes 
A case in point was the 
surprise action taken by the Commis- 
sion in 1960 regarding a numerical in- 
terpretation of the 
discharge’’ used in chloride control. 

The extent range of the 
jects treated by the CIC 
clude: acidity and basicity, chlorides 
and fluorides, 


term ‘‘significant 


and sub- 


to date in- 


treatment of 
municipal and industrial wastes, de- 


combined 


tergents, design and operating prac- 
fermentation 
information, iron and 
nese, membership, methods of survey 


tices, dissolved oxygen, 


wastes, manga- 
and analysis of water-borne wastes, oily 
and odor, 
selection, 
flow 


materials, 
river 


phenol taste 


transportation, site 
flow regulation 


augmentation, 


and low 
quality 
tives, temperature, total dissolved sol- 


stream 
stream objec- 
ids, toxicity, and water hardness. 

Not all CIC work originates 
suggestions from ORSANCO. 
amples of other 


with 
Two ex- 
projects are repre- 
sented by the work of the Subecommit- 
tee on Design and Operating Practices, 
and Site Selection. The first group 
completed a brochure titled ‘‘Operat- 
ing and Design Practices as Related to 
Pollution Control in the Chemical In- 
dustry.”’ circulated 
widely within the industry and was 
published in a national outlet. The 
second group issued a report, **Site Se- 
Related to Pollution 
which also was published. 


This been 


lection as Con- 
trol,’”’ 

The matter of pollution controls is a 
two-way street, and the CIC has sug- 
controls to the 
which it felt 
example of this type of cooperation is 


vested Commission 


would be beneficial. An 


re. 

‘ 

3 

ti 

2 

4 

‘ 
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a Commission resolution on notification 
of spills and accidental discharges, 
which in concept was formally sug- 
gested to ORSANCO by the CIC. A 
second example involved a_recom- 
mendation adopted by ORSANCO in 


which the Commission went on record 
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with the congressional representatives 
of the eight Compact States that a por- 
tion of the capacity of future Federal 
dams should be dedicated to low flow 
augmentation and that sites be ae- 
quired now for future storage reser- 
voirs. 


EVANSVitif 


P 


pie? 


FIGURE 4.—Industrial activity in the Ohio Valley (1957). 
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TABLE I. 


Status of Municipal and Institutional Facilities in the Ohio 
River Basin (July 1, 1959) 


Status* Ill Ind Ky oe Ohio Pa Va W. Va Total 


of 
Potal 


1] 117 125 6 209 81 25 2. 629 39.3 


1 25 25 
Adequate treatment 224,000 825,600 | 526,400 | 71,700 1,889,500 432,500 73.700 101.200) 4.144.600 410.9 


Treatment provided 1 17 13 7 32 12 27 11 123 Be 
but not adequate 12,500 St), 800 82,800 23,000 | 213,400 $1,000 30,100 | 31,000 520,400 5.1 
Treatment provided 
not adequate ; 0 8 3 0 23 1.4 
improvements 23,300 $81,000 1,300 0 91,100 9,500 0 11,900 618,100 6.1 


under construction 


New treatment 
works under 
construction 


l l 33 18 154 9.6 
3,700 80,000 106, LOO 1,500 | 668,900 1,540,000 10,200 | 402,300 3.112.700 30.8 


No treatment 
construction not 
started 


32 79 13¢ 104 166) 29.2 


io t 4 
19.600 174, 5K 86.300 15,300 341.000 609,300 51,400 200,600 1.518.000 15.0 


Discharge of minor > 62 25 0 &2 12 ( 16 204 1 
Significance 6,400 51,000 34,000 0 54,900 13,200 5,100 17,200 211,800 


Total 65 277 198 22 $43 130 R8 176 1.599 100.0 
_— 309,300 1,698,900 1,136,900 | 111,500 3,258,800 2,675,500 170,500 764,200 10.125.600 100.0 


* Top figure opposite each item represents number of communities bottom figure, population served 


Why Cooperation is Necessary in new income. Figure 4 gives a pie- 


ture concept of industrial activity on 
the Ohio River itself. Tributary op- 
erations are not shown. 


It might be well to consider why 
cooperation between ORSANCO and 
industry is important. Within recent 
times, the Ohio River Valley has come Many factors have brought an influx 
alive industrially. One hears such Of industry to the Ohio Basin 
terms as the Ruhr of America, Atom ™arkets, materials, manpower, trans- 
Valley, and Voltage Valley. The Ohio portation facilities, and natural re- 
Valley produces three times as much Sources such as coal, oil, gas, salt, 


bituminous coal and three times as lays, and water. The last, water, is 
much steel as the Ruhr, the industrial One Of the important factors and the 
heart of Western Europe. Within the miei which makes cooperation between 
past 13 vr. nearly $10 billion of new industry and ORSANCO so very im 


facilities have been constructed. These portant. 


have created tens of thousands of new Tables I and II show the status of 


jobs and brought millions of dollars municipal and industrial waste treat- 


TABLE II.—-Status of Industrial Waste Control Facilities for Industries Discharging 
Effluents Directly into Streams in the Ohio River Basin July 1, 1959) 


St 


Adequate control facilit 
Control provided 
adequate 8 18) 58 13 115 ays) 10 8 17 2 0 
Control facilities inade: 
improvements 


construction 0 0 11 0 14 4 0 ] 4 2.4 
New control facilities unde 

construction 0 0 0 7 0 19 2.1 
Planning stage, no act 

not operating 13 Is 0 s $2 144 10.0 


Total number of industries 17 211 201 17 391 268 57 71 1,443 100.0 


Complying with ORSANCO 
minimum requ ents 137 16 344 244 8 ISS 1,151 7U.8 


we 

5 

5 
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ment on the Ohio River as reported by 
the Commission in 1959. 


Summary 


The fabulous expansion of the Ohio 
River be slowed and even 
stopped along some avenues by two 


alternatives now present: 


Jasin can 


1. Unrestricted pollution of the 
Basin water from many 
2. Excessive restrictive and manda- 
tory control Basin 


water. 


sources, 


measures for the 


The common objective of both the 
Commission and industry is the mid- 
dle-of-the-road path which les between 
these two extremes. The achievement 
It is 
a time-consuming process which has its 


of this is a grave responsibility. 


foundations resting squarely eco- 
nomics and science rather than politi- 
eal considerations. Many factors and 
Quick 
be taken 
sasin could 
then be placed in jeopardy. 

Because of the importance of the 
Ohio River Basin in America, all ae- 
tions taken by the Commission will 
command national and international 
attention and tend to set the pace and 
pattern for other agencies dealing 
with control of water. 

The following results can be at least 
partially attributed to the cooperative 
program worked out in the Ohio River 
Basin. 


facets of science are involved. 
eannot 
because the future of the 


decisions and action 


1. Rules, regulations, standards, and 
control measures which, by and large, 
are equitable and workable. 

2. A better under- 
standing and respect of each other’s 
both industry and the 


agency. 


progressively 


problems by 
control 
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3. An improving working relation- 
ship between the control agency and 
industry. 

4. Better quality of the water in the 
Ohio River in 1960 than in 1950 despite 
a vastly greater concentration of in- 
dustry in the Basin. 

5. An awakening on the part of in- 
dustrial management to its responsi- 
bility in abating pollution in public 
waterways. 

6. A recognition by industry, the 
Commission, and the Compact States 
of a single ultimate objective, ‘‘The 
maximum economic development of the 
Ohio River Basin through the maxi- 
mum utilization of the water 
with consideration and equity for all 
concerned,”’ 


This last objective cannot be taken 
lightly in the face of the explosive 
population increase of the world today. 
It is estimated that one out of every 
20 humans born on this earth since the 
beginning of time is living today. It 
is vitally necessary that great river 
systems, such as the Ohio, be developed 
to accommodate the future population. 
The foundations laid today by the 
Commission and its advisory commit- 
tees in the uses of the Basin waters 
will be the cornerstone for tomorrow’s 
generations. 

The Chemical Industry Committee 
considers the arrangement established 
by the Commission of asking the indus- 
tries in the Basin their opinions and 
advice on matters pertaining to pollu- 
tion as uniquely democratic. It 
system well worth preserving. 


is a 
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BUOYANCY OF AERATION TANK LIQUID 


M. A. Kershaw 


The Journal each ye 


activated sludge plants. 


diffused. 


Some 


years ag 


to attempt an experiment to answer 


with permission from one entitled, 
a Myth,’’ published in the 


(London 


There are hazards 


many and po- 


tential danger spots in a sewage works 


such as the narrow walkways be- 


tank units or around dosing 


chambers. In 


tween 


recent 
tion, believed to be from America, has 
been presented that the 


years a 


sugges- 


diffused air 


system of activated sludge presents ad- 
ditional hazards. 

It has been said that the normal risk 
of falling into an aeration tank is in- 


creased 


since the liquid has lost its 


buoyancy because of air bubbles. 

It is therefore argued that a body 
falling into an sludge tank 
would almost certainly sink to the bot- 
and The 


of reseue would then be remote. 


activated 


tom remain there. chances 


Concern for Safety 
A few years ago at a large activated 
sludge treatment plant in England the 


management was seriously concerned 


because of the 
falling into the 
incidentally, 
handrailing. 

A note taken at a staff meeting at 
dated December 17, 1953, 


records this discussion : 


danger to personnel] 


aeration tanks, which, 


were hot protected by 


the works, 


M. A. Kershaw is General Manager of the 
West Hertfordshire Main Drainage 
England. He was P dey 


Institute of Sewage Purificatio 


“ar receives reports of drownings in aeration tanks of 


It also hears repeated comments or questions as to 


o this question became sufficiently 
this question, 

Novembe r Za, 


whether a person can remain afloat in a tank of liquid into which air is being 


important in England 
This article is adapted 
\eration Tank Danger Seems to be 


1956, issue of Munic pal Engineering 


Walkways: 


notices 


It was agreed that warning 
should be issued that it was 
dangerous for men to take 


on the 


short cuts 


walkwavs between the aeration 


tanks and that it was forbidden to use 


such walkways except when absolutely 
necessary. It was also agreed that in 
quiries should be made regarding life 


lines and grapples and that one of the 
first steps to be taken in the event of 
tank 
air supply to be cut 


anyone falling into an aeration 
would be for the 
off in order to restore the specific 


ity. 


Notice Issued 


this meeting, the fol- 
lowing notice was issued on January 


16, 1954: 


Arising from 


DANGER 


Acration channels 


warning 


The walkways between the aeration tanks 


must not be used unless it is necessary 
to do so in the course of duty. You are 
particularly warned to observe this in 
struction owing to the 


into the 


danger of falling 
tanks 


The presence of air bubbles in the tanks 


has the effect of changing the specific 
gravity of the liquid, and it is possible 
that even strong swimmer, weighed 


down by his clothes and boots, would not 


be able to keep his head above water. 
Should a man happen to fall into these 
tanks, anvone itnessing it should im 
mediately run to the air valve at the 


end of the tanks and turn 


it off. This will take the air bubbles out 


powel! house 
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| 
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of the water and restore the normal 


bouyaney, giving a man a chance to rise 
to the surface. 

Life belts and grappling irons on ropes 
are being provided. 


Some extensions to the 
Dur- 
ing the construction of the new work, 
the contractors noted the above warn- 
which had posted 
near the aeration tanks. 

The warnings other 
notices in the press caused sufficient 
interest to initiate tests to determine 
the validity of this viewpoint. 

The newly constructed aeration unit 
on the new plant was offered for this 
investigation. 

It was proposed to let men fall de- 
liberately into an aeration tank when 
in full operation, the only difference 
being that the tank would contain wa- 
ter instead of the usual mixture of 
settled sewage and activated sludge. 

In this particular unit, the air dif- 
fusers are of the dome type and are 
arranged for separate control of the 
volume of air to each quarter of the 
tank. The test was planned to operate 
in one section only, using air at the 
following volume rates of free air per 
square foot of 0.09, 
0.22, 0.32, and 0.39 efm. 

The normal volume of air used in 
aeration tanks varies between 0.12 and 


later, 
aeration unit became necessary. 


time 


ing notices, been 


posted 


aeration surface: 


FIGURE 1.—Swimmer entering aeration 
tank. 


AERATION TANK DANGERS 


FIGURE 2.—Fully clothed swimmer in 
aeration tank. 


0.18 cfm per square foot of aeration 
surface. 


Three Volunteers 


Three members of the staff volun- 
teered to test the buoyancy of the 
aerated water by jumping into the 
tank and attempting to swim when 
fully clothed and in trunks. Preeau- 
tionary taken which 
could be put into immediate effect if 
required. 

The first man, clothed only in swim- 
ming trunks (Figure 1), dived into 
the unaerated water. Air was turned 
on while he trod the water, holding 
on to the ladder at the same 
time. The object of this test was to 
obtain an idea of the immediate effect 
of the compressed air on the buoyancy 
of the water. 

At this stage stringent precautions 
were in force, and the man was not 
allowed to hold on the 
ladder. Throughout the test, 
however, he appeared to maintain his 
position easily and without any as- 
sistance from his light grasp of the 
ladder. Air volume was varied from 
0.09 to 0.22 cfm per square foot. 

The second man, fully clothed, com- 
plete with rubber boots and coat, then 
jumped in (Figure 2). Again as a 
precautionary measure, a lifeline was 
attached to his waist. Air volume was 
0.22 cfm per square foot. 


measures 


were 


aCCeSS 


release his 


access 
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This man quickly surfaced, owing to 
the amount of air which was obviously 
trapped in his clothing, and he spent 
6 to 8 min swimming and treading wa- 
ter in the aeration tank. At no time 
was the lifeline used to keep him afloat. 
The air volume was showing 0.32 efm 
per square foot as a maximum during 
this test. 

It was then thought sufficiently safe 
to make a further and drastic 
test and the first volunteer, now fully 


more 


clothed, plunged into the tank but 
without a lifeline. 
He experienced no difficulty in 


swimming and remaining on the 
face. The air volume 
0.09 to 0.39 efm per 


sur 
was varied from 


square foot 


During these experiments it was 
noted that the clothing of both men 
was partially inflated around the 
shoulders, although they were both 
wearing open-neck shirts. This sug- 
gests that air from the diffusers was 


actually being trapped in or between 
the layers of clothing worn 

At this stage those performing the 
test indicated 
was no apparent 


that there 


satisfaction 
increased risk due to 
the presence of compressed air passing 
into the 


water. No further experi- 


ments were therefore carried out with 
fully clothed swimmers 

The third man, however, in swim- 
ming trunks and wearing a face mask 
and flippers swam under the water in 


an attempt to observe the 
low the surface. 

Owing to the light caused 
by the bubbles, nothing but a thick 
was observed. 


diffusion be- 


refraction 
fog 
Bubbles continued to 


flow over the elass of the 


race 


mask, 
no matter in which direction the swim- 
mer moved. As a result, he experi- 


enced a complete loss of direction and 
position, and he was surprised to note 
that the lighter 


zone of the surface 
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was to the side of his head and not 
above as anticipated 
Maneuvers 
He also found that more effort was 


required to raise the rubber flippers 


above the aerated water than in still 
water, but the first swimmer (fully 
clothed) raised one boot two or three 
times above the surface without much 


effort. 
To complete the experiments the seec- 
ond 


additional 


man swam from an aerated zone 


to an unaerated zone 
but 


This was easily 
the 
unaerated 


achieved, reversing process, 
into an 


aerated zone, was more difficult owing 


swimming from an 
to the spiral flow effect between zones. 
This swimmer stated that he experi- 
enced no apparent difference the 
buoyancy of the two zones. 
In the conduct of these experiments 
it should be that the 


volunteers were good swimmers. while 


noted two of 


the third had been a good swimmer 
some 16 vr before but had only swam 
on two occasions the vear of the ex- 


periment. 
It should that 
these practical tests were carried out 


1 
also 


remembered 


beforehand 
actly what they were to do. 


by people who knew @X- 
Any effect 
accidentally and 
suddenly falling into an aeration tank 
could therefore he 


of shoek caused by 


not 


assessed 


Summary 


It would appear that, provided a 
man can swim, even if only slightly 
in ordinary still water, he should be 
able to swim in a diffused air aeration 
tank ; and in all probability the chances 
of survival for a non-swimmer falling 
into an tend to 
be increased by air collecting in his 
clothing. 


aeration tank would 


Oe 

r 
9 
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SLUDGE DISPOSAL AT A 
PHILADELPHIA REFINERY 


The treatment of 13 mgd of waste- 
water by chemical coagulation and 
sedimentation at the Philadelphia re- 
finery of The Atlantic Refining Co. 
produces 150,000 gpd of oil-bearing 
sludge. This material, together with 
34,000 gpd of sludges from other waste 
control operations, is dewatered on 
vacuum precoat filters and the result- 
ing filter incinerated. Pre- 
sented herein is a description of the 
sludge disposal facilities and an anal- 


cake is 


ysis of operating experience from the 
standpoint of equipment problems and 
operating costs. A plant-seale test to 
determine the effects of certain operat- 
ing variables is described and an em- 
pirical relationship for filtration rate 
in terms of these variables is presented. 

The location of the refinery * (Fig- 
ure 1) in the City of Philadelphia, 
coupled with high value necessarily 
placed on ground space within refinery 
boundaries, dictate rather 
treatment of 


complete 
The 
sludge disposal facilities discussed in 
this paper part of Atlantic’s 
north yard waste treatment plant (1) 
which was placed in operation in 1953. 
Currently charged to these facilities 


waste sludges. 


are a 


are sludges from the oil separator and 
chemical and sedimenta- 
tion units at the north vard plant, and 


coagulation 


* Atlantic Refinery. 


Robert G. Merman is 
Power Section; 


Chemical Engineer, 
Paul J. Ferrall is Chemical 
Engineer, Technical Service Department; and 
George T. Research Statistician, 
Research and Development Department, all of 
The Atlantic Refining Co. 

This paper was presented at the 33rd An- 
nual Meeting of the Water Pollution Control 
Philadelphia, Pa., Oct. 2-6 


Foradori is 


Federation in 


1960. 


Robert G. Merman, Paul J. Ferrall, and George T. Foradori 


bottoms and residual emulsions from 
slop oil recovery plants in both north 
and south yards. In 1961, following 
completion of a coagulation and flota- 
tion plant (2) for south yard waste- 
water, an additional 30,000 gpd of 
sludge will be handled by this system. 


Description of Flow 


A schematic flow diagram of the 
sludge disposal system is shown in Fig- 
ure 2. QOil-bearing sludge produced 
in the flocculation and sedimentation 
units is pumped to a blending tank. 
At times, other sludges are blended 
with the flocculation sludge in this tank 
to improve dewatering characteristics. 
This tank serves also as a charge tank 
to the filters. A thickening tank re- 
ceives degritted separator bottoms, slop 
oil bottoms, and residual slop oil emul- 
sions. Free oil and water are drawn 
off intermittently. 

From this tankage sludge is pumped 
to four rotary vacuum precoat filters. 
A slop oil filter handles the oily mate- 
rial from the thickener. This filter 
differs from the others in that it has 
a vapor hood and an insulated vat. 
The other filters operate on sludge 
from the blending tank. Filtrate from 
the slop oil filter is pumped to the slop 
oil recovery plant. Other filtrate is 
pumped to the sewer. 

Filter cake from all of the filters is 
conveyed by belt to a rotary hearth in- 
cinerator. Although the cake usually 
contains sufficient oil to support its 
own combustion, one of four oil burn- 
ers is continually fired as a safety pre- 
eaution. Ash is transferred continu- 
ously from the incinerator to an ash 
storage tank from which it is inter- 
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FIGURE 1.—Refinery location. 


mittently loaded into trucks for dis- 
posal. To maintain continuous de 
watering, filter cake is discharged into 


Equipment Details 


With the exception of the precoating 
cabs facilities, all major components of the 
a storage bin during incinerator shut- sludge disposal system are represented 
downs. Combustion gas from the in- on the flow diazram. Ficure 2. All of 
cinerator passes through a waste heat the dewatering equipment is housed 
boiler generating steam for general except the sludge tankage and the filter 


plant and refinery use. 


charge pumps. The housed equipment 


VACUUM FILTERS TO STACK 


FILTRATE RECEIVERS 
FILTRATE PUMPS | = 
im 
| Ld \ 8 ASH 
SLUDGE BLENDING] TANK [ NoINERATOR TANK 
O 
PUMPS THICKENING | TANK | PUMPS 


FIGURE 2.—Sludge disposal flow diagram. 
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REFINERY SLUDGE DISPOSAL 


FIGURE 3.—Vacuum filters and control panel. 


is arranged on four floor levels. The 
control board for the sludge system is 
on the upper level which is the main 
operating level (Figure 3). The 
vacuum pumps, filtrate pumps, and the 
precoat pumps, eductor, and _ filtrate 
receiver are located on the ground 
floor. Pertinent details on major parts 
of the system follow. Wherever pos- 
sible, the original design basis has been 
included. However, in the 10 yr since 
these facilities were designed, signifi- 
cant changes in sludge quantity and 
characteristics taken place. 

be necessarily 
between design 
bases and current data. 


have 
will 
discrepancies 


Therefore, there 


some 


Sludge Tankage 


The blending tank was designed to 
provide 6 hr storage for the charge to 
the filters at average filtration rates. 
It is a closed tank, 20 ft in diam and 
19 ft high and has a capacity of 44,500 


gal. It is equipped with a picket fence 
type blending mechanism and a bottom 
collecting seraper. It has a small heat- 
ing coil to maintain the contents above 
50°F. Liquid level and temperature 
are indicated locally and on the eon- 
trol board. A high level in the tank 
sounds an alarm at the control board. 
The thickener was designed to hold 
the maximum predicted volume of 
charge material. It is an open tank, 
50 ft in diam and 18% ft deep and has 
a capacity of 270,000 gal. It has a 
center inlet and a peripheral oil baffle 
and overflow launder. The oil baffle 
extends seven feet below the overflow 
level. A swing suction is provided for 
oil skimming and a bottom scraper 
mechanism for sludge collection. 


Sludge Transfer Facilities 


Three 340-gpm steam driven duplex 
reciprocating pumps are used to trans- 
fer sludge between tankage and to 
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charge the filters. These pumps were 
sized on the basis of a maximum ex- 
pected filtration rate of 9 gph/sq ft. 
Reciprocating pumps were selected 
over centrifugals to minimize any ad- 
verse effects pumping might have on 
sludge filtration characteristics. 


Like- 
wise, to minimize maintenance prob- 


lems associated with sludge pumping, 
the pumps are equipped with ferrodur 
cylinder 
dareova cups, and ball valves in side 
When 


pumps are 


liners, stainless steel rods, 


pots. pumping to the filters, 
these automatically c¢on- 
trolled by a pressure controller which 
maintains a predetermined pressure in 
the charge line by throttling the steam 
to the pump. Line 
eated and adjusted at the 
board. 


Two six-inch 


indi- 
control 


pressure is 


charge lines are pro- 
vided from the charge pumps to the 
filters. venturi 


section and flow is recorded at the con- 


Each line contains a 


trol board. To prevent contamination 
of the differential meter, 
tity of surge continually 
pumped into the venturi 
through the instrument lines 


a small quan- 
water Is 
section 
A steam 
injection heater is provided in one of 
the charge lines. Precoat is pumped 
to the filters via a separate four-ineh 
line. 


Vacuum Filters 


Pilot-plant studies conducted on a 
0.5-sq ft rotary vacuum precoat filter 
indicated this method of dewatering to 
be the most satisfactory for the sludges 
expected. and 
drying were also considered. <A 


Centrifuging spray 
lab- 
oratory study indicated that dewatered 
solids would not discharge satisfactor- 
ily from a centrifuge. Spray drying 


was eliminated from consideration on 
the basis of a plant-seale trial, which 
indicated an 


earbon 


excessive loss of hydro- 


and ash to the atmosphere. 
Filters were sized on the basis of the 
filtration 
quantities and 


following pilot-plant rates 
for predicted 


concentrations : 


sludge 
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Filtration 
Rate 
ree of Sludge (gph/sq ft) 


Flocculation sludge 
Separator bottoms 

(excluding grit) 3.6 
Slop oil bottoms 1.0 
Slop oil emulsion 6.0 


Four rotary vacuum precoat filters 
are used. Filter drums are 10 ft in 
diam by 18 ft long and are covered with 
24 x 110 
Each drum has 560 sq ft of filtration 


mesh stainless steel sereen., 


area and is operated at about 
cent 


15-per 
submergence. Drum speeds can 
be varied from 1 to 5 min per revolu- 
tion. 


driven 


The knife advance mechanism is 
from the drum drive and ean 
be varied in 12 steps from .00065 in. to 
00715 in. per revolution of the drum. 
An oscillating rack of bars extending 
the length of the filter vat provides the 
agitation and is driven through a vari- 
Sludge enters the 
through 


able speed gear box. 
vats at the side three 6-in. 
baffled inlet lines. Liquid level 


in the vats is controlled by a float- 


diam 


positioned control valve in the charge 
line to each filter. The slop oil filter 
has a vapor hood and an insulated vat. 


Vacuum System 


Sizing of vacuum pumps and filtrate 
receivers recommenda- 
Three, 


single cylinder, double acting, single 


Was based on 


tions of the filter supplier. 
stage, 150-hp motor driven, reciproeat- 
ing pumps are used, each having an 
effective displacement of 2,500 efm at 
To maintain 
the event of 
an emergency shutdown of the vacuum 
pumps, a steam eductor having a 1,600- 


2.5-psia suction pressure. 


precoat on the filters in 


efm capacity at 12-psia suction pres- 
sure, is provided. 

Each filter drains to a separate fil- 
trate receiver, 6 ft in diam by 10 ft 
long. Vacuum is applied to each re- 
ceiver through individual pipe loops 
extending 34 ft above the receivers to 
prevent the filtrate into the 
vacuum pumps. These loops connect 
to two vacuum headers, one for filter- 


flow of 
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ing and one for precoating. The two 
headers are inter-connected through a 
pressure control valve which prevents 
the vacuum in the filtering header from 
falling below a predetermined value, 
usually 15 in. Hg, during precoating. 
A knockout drum 51% ft in diameter by 
8 ft high and liquid accumulator 4 ft 
in diameter by 6 ft long are provided 
between the distribution headers and 
the vacuum pumps. In addition, each 
pump has a small moisture trap and 
liquid accumulator. A vapor con- 
denser and liquid accumulator are pro- 
vided on the slop oil filter between 
the receiver and the barometrie loop. 
Vacuum line sizes vary from 8-in. diam 
for individual filters to 16-in. diam for 
lines serving four filters. Vaeuum 
pump exhaust goes to the atmosphere 
Via a water spray 
and mist eliminator. 

Externally mounted liquid level con- 
trollers at receiver control the 
steam to the filtrate pumps. Likewise, 
externally mounted high level alarms 
at each receiver cut off the vacuum 
pumps and sound an alarm at the con- 
trol board. A high level controller in 
the knockout drum also cuts off the 
vacuum pumps. Similarly, a high 


knockdown drum 


each 


level alarm in the accumulator serving 
the knockout drum sounds an alarm. 
The vacuum system was originally 
constructed without the knockout drum 
and accumulator and without the ae- 


ecumulator 


denser. 


following the vapor con- 
Likewise, liquid level control 
was provided only for the slop oil 
filtrate These omissions, 
coupled with internal high level alarm 
assemblies and excessive turbulence in 
the filtrate receivers from air entering 
through improperly operating valves 
in the filtrate pumps, resulted in costly 
damage to the vacuum pumps from 
water entering the pumps probably by 
entrainment and as condensate. 


receiver. 


Precoat System 
Dry precoat from a feed hopper is 


picked up by a water eductor and dis- 
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charged to the filters as a 1l-per cent 
slurry. The hopper is designed to hold 
3,000 lb of diatomaceous earth, which 
is about 20 per cent in excess of that 
needed to precoat one filter. The 
hopper is filled by a manually loaded 
flight conveyor which has a capacity 
of 3,600 lb/hr. During precoating, the 
carrier water is pumped to the eductor 
from a 3,300-gal precoat surge tank by 
an 800-gpm centrifugal pump.  Fil- 
trate is recycled through the filter and 
receiver back to the surge tank. 


Filter Cake Handling 


Zach filter has an endless belt which 
receives cake as it is cut and conveys it 
to the main conveyor belt which runs 
perpendicular to the filter belts and 
discharges into a hopper at the in- 
cinerator. All belts are 14 in. wide 
and constructed of 4-ply canvas duck 
covered with rubber. A sludge weigh- 
meter weighs and totalizes the cake on 
the belt. A totalizer and rate recorder 
are mounted on the control board. 

At times of incinerator shutdown, 
cake is diverted from the main belt to 
another belt discharging to a storage 
bin. The bin was sized to provide two 
days storage at average cake produc- 
tion rates. A clam shell bucket was 
furnished to return cake from the bin 
to the incinerator. The strong tend- 
ency of the eake to hang up in the 
incinerator feed hopper has made this 
return feature impractical. 


Incineration Facilitics 


The incinerator, boiler, and ash han- 
dling equipment were purchased as a 
package to meet specifications based 
on expected filter cake quantities and 
characteristics and to meet the require- 
ments of the City of Philadelphia air 
pollution ordinance relative to fly ash 
emission (Figure 4). The system was 
designed to handle 4.35 tons per day 
of filter cake having a heating value 
of 10,000 Btu/pound. The boiler is 
rated at 1,020 hp to produce 30,000 
lb/hr of steam at 200 psi and 99 per 
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cent minimum quality. Ash handling 
equipment is designed to transfer ash 
to the storage tank at a minimum rate 
of 10 tons/hr and to unload the tank 
at a 50 ton The storage tank 
was designed to hold a three day pro- 
duction of ash. 


hr rate 


The incinerator is circular and has 
a Zo ft hearth. The 
combustion chamber is about 4 ft high. 
Filter screw 


diam rotating 


cake is ted by a con- 


veyor which moves it from a hopper 


at the end of the conveyor belt to an 
opening in the top of the furnace near 
the center. As the hearth revolves, the 
burning cake is rabbled and moved in 
a spiral path to an ash hopper at the 
periphery by rabble 
The rabble arms extend radially 


four stationary 
arms. 
from a center support out through the 
furnace wall and are spaced 90 degrees 
apart. Each arm contains six plows 
extending to within 1 to 2 inches of the 
hearth. The hearth can be rotated at 
three speeds, 0.3, 0.6, and 0.8 rpm. <A 
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sand seal is provided between the ro- 
tating hearth and stationary furnace 
wall. This skirt 
around the cireumference of the hearth 
which extends into a steel trough filled 
with from the 


consists of a steel 


and 
furnace wall. 


sand supported 

Primary combustion air is supplied 
by a 12,000 cfm blower through eight 
inlet ports spaced uniformly around 
the furnace wall. Additional air from 
a 1,000 cfm blower enters the furnace 
after cooling the rabble arm and plows 
Four oil burn- 
ers are spaced 90 degrees apart around 
the furnace wall. Each burner is rated 
at 2,500,000 Btu/hr and burns #6 fuel 
oil. The hot combustion flow 
upward through a throat section at the 


via holes in the plows. 


vases 


center of the hearth and into the waste 
heat boiler situated above the incinera- 
tor. A 32,0000 efm exhauster pulls the 
cooled gas from the boiler through a 
dust and _ dis- 
charges into a stack 150 ft high by 6 


multiclone collector 


FIGURE 4.—Filter building. 
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TABLE I. 


Filter 
Charge 
(gpd) 


Material 


Floceulation sludge 150,000 
Separator bottoms, slop oil bot- 

toms, slop oil emulsions 34,000 
Filter cake 5,300* 


* Btu/hr. 
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Solids 


(ton /day) (%) (%) (%) (%) 


Quantity and Characteristics of Filter Charge and Filter Cake 


Solids Oil 


Water Ash 


Oy | 24 91-97 — 
12 | 1-3 30-50 17-69 
7.5 52 


ft in diam. Ash is transferred from 
the incinerator hopper, the boiler hop- 
and the multiclone by a steam 
eductor which discharges ash to the 
storage tank through two eyclone sepa- 
rators and exhausts to the stack. Car- 
rier air is drawn from the furnace. 
Ash is loaded into trucks from the 
storage tank by an unloader equipped 
with water sprays. Ash removal from 
the incinerator hopper is automatic 
and timer 


ers, 


controlled. 

A temperature control system reg- 
ulates a damper in the primary air 
supply and the pressure of oil supplied 
to the burners to maintain a relatively 
constant temperature in the incinera- 
tor. A draft maintains a 
preset draft in the furnace at all times. 
Draft in the furnace and stack and 
pressure in the primary air supply 
ducts are indicated locally. 


controller 


Tempera- 
ture in the furnace is recorded locally 
and indicated on the control board. 

In practice operating temperatures 
are maintained above 1,400°F to pre- 
vent below 2,000°F to 
A smoke detector 
alarm at the 


smoking and 
prevent clinkering. 
in the stack 
control board. 


sounds an 


The waste heat boiler and associated 
feed water appurtenances are of con- 
ventional and therefore 
been excluded from this discussion. 


design have 


Operation 


The sludge disposal facilities de- 
scribed above have been in operation 


as a unit since April 1954. The de- 


watering system began operation in 
December 1953. 


Current sludge quan- 


tities and characteristics are shown in 
Table I. A breakdown of operating 
costs based on operating data for 1957 
to 59 inelusive, is shown in Table II. 
From this it can be seen that the dis- 
posal cost per ton of dry, oil-free solids 
is $24.9 net or $42.2 excluding steam 
credit from incineration. Of this total 
cost, 56 per cent is for dewatering and 
44 per cent for incineration. Numer- 
ous efforts have been and are being 
made to reduce these costs. Mainte- 
nance and precoat costs account for 
over 50 per cent of the total and there- 
fore have been the target for much of 
the cost reduction effort. 

The high cost of maintenance re- 
flects the short life of much of the 
system, due chiefly to the severe serv- 
ice and to faults in basic mechanical 
certain equipment. The 
vacuum system, i.e., pumps, filters and 
conveyor belts, and the inecinerator- 


design of 


TABLE II.—Cost Breakdown for 
Sludge Disposal 


Dewa-  Incin- Total Dry 

Item tering | eration |g Gay) Solids 
($/day) ($ day) ($,/ ton) 
Precoat 131 131 8.8 
Power 52 12 64 4.2 
Steam 8 16 24 1.6 
Fuel 16 1G 3.1 
Boiler feedwater 24 24 1.6 
Ash disposal 51 51 3.4 
Maintenance 114 84 198 13.3 
Labor 16 16 92 6.2 
Cost 351 279 630) 42.2 
Steam produced —258 | —258) —17.3 
Net cost 351 21 372; 24.9 
Dewatering 23.5 
Incineration 1.4 
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boiler system each account for about 
40 per cent of the maintenance dollars 
spent on the sludge disposal facilities. 
Vacuum pump 
largely in 


maintenance has been 


connection with excessive 


eylinder and piston wear and valve 


fouling. Cleaning of screen and vats 
and repairs to agitator drives and 
trunion glands represent major vyac- 
uum filter maintenance problems. The 


belt conveyors require almost constant 
surveillance to keep them aligned and 
clean, and to keep scrapers, guides, 
skirts, etc. functioning properly. 

The required 
tremely high maintenance. 


incinerator has ex- 
The rotat- 
ing hearth and the stationary rabble 
arms account for much of the mainte- 
This been in the 
nature of repairs to the insulation on 
the rabble arms, the insulating brick 


on the hearth, 


nance work. has 


the alignment of 
the hearth in the rabble 
arms and the the furnace. 
Original fire brick insulation on the 
rabble arms has been replaced with a 
plastic 
better resistance 


and 
respect to 


sides of 


refractory which has shown 
to the shearing action 
brick, and 


other debris that occasionally become 


of pieces of broken 


slag, 


wedged between the arms and the 
hearth. Likewise, the outer 114 feet 
of hearth brick have been replaced 


with a castable refractory anchored to 
the steel hearth plate. 
has the radial 


hearth brick toward 


This outer ring 
eliminated 

of the 
the periphery and the eventual failure 
of the steel 
occasion was pushed against the fur- 


eradual 
movement 
retaining angle which on 
nace wall stopping hearth rotation. 

A eircle of eight uniformly spaced 
rollers support the rotating hearth by 
means of a 3 foot 24% in. diam track 
mounted on the underside of the hearth 
structure. This mechanism 
placed the original hearth bearing 
which was completely inaccessable for 


has re- 


maintenance. This modification, made 


in 1956, has also proved to need much 
maintenance because of periodic align- 


ment adjustments and eventual track 
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repair 
wear, 


necessitated by severe track 

The ash handling system has contrib 
uted significantly to incinerator main- 
tenance requirements, and likewise to 
operating costs. Flap gates on the 
cyclones which discharge into the ash 
storage tank require frequent adjust- 
ment and repair to prevent the escape 
of ash to the stack via the steam ex- 
hauster which supplies vacuum to the 
ash conveying system. Likewise, very 
hard deposits of fine ash form in the 
eductor throat when the temperature 
in the system drops below the dew 
point of the gas. These deposits have 
resulted in frequent shutdowns of the 
ash the 


Recent efforts to con- 


system for cleaning during 
winter months. 
trol the carrier temperature at 
around 200°F by withdrawing part of 
the gas from the furnace have reduced 


fas 


deposition considerably. 
In order to 
clinkering of 


bridging and 
the incinerator 
hopper and to aid in maintaining car- 
rier 
level, 


prevent 
ash in 

gas temperatures at the desired 
it has been necessary to operate 
the steam exhauster 
cycle. 


on a one minute 
This requires much more steam 
than is theoretically required for the 
amount of ash involved. 

Precoat consumption is of course a 
function of filter operating time, knife 
cut, and cycle time. Until recently, no 
scientific effort has been made to op- 
timize filtration conditions. Cycle time 
has averaged 3 min on the sludge 
filters and 5 min on the slop oil filter. 
Knife advance on the sludge filters has 
a No. 2 eut 
and on the slop oil filter, .0029 in./eut 
(a No. 5 eut Vacuum has been in 
the range 18 to 21 in. Hg. Recent test 
runs to establish optimum filtration 
conditions and potential filtration ¢a- 
pacity are discussed below. 


averaged .00125 in./rey 


Several other promising approaches 
to cost reduction are being pursued. 
These include improvements to inein- 
erator efficiency and utilization of ash 
as a precoat or a precoat extender, as 
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a weighting agent in the sedimentation 
operation, as a component of paving, 
and on fire banks to reduce erosion and 
weed growth. 


Filter Rate Studies 


In setting up the experimental filtra- 
tion work we attempted to cover only 
those variables over which we had im- 
mediate control. 

These were: vacuum, knife advance, 
and eycle speed. 

Admittedly sludge concentration and 
temperature could have a pronounced 
effect. However, we have no practical 
control over either. We attempted to 
minimize variations in both—in addi- 
tion, both were measured. These data 
could be analyzed later to see if any 
effect existed for these variables. In 
setting up the runs not only the deter- 
mination of potential capacity but also 
ultimately the optimization of the filter 
operation was to be investigated. 

An examination of the literature in- 
dicated that: (a) Most of the experi- 
mental work has been carried out on 
(b) Most of the 
work has been done on either leaf tests 
or pilot unit models of rotary vacuum 
filters. (c) Most of the work has been 
carried out by rather simple experi- 
mental techniques, that is, by changing 
only one variable, while holding all 
other variables constant. 

This latter technique can lead to 
erroneous conclusions, particularly if 
interactions between the vari- 
ables. That is to say, the effect of one 
of the variables determined in this 
manner might be substantially differ- 
ent at other combinations of the vari- 
ables which had been held constant. 

To eliminate this possibility, we set 
up a statistical experiment which would 
study the linear and quadratic effects 
of the variables as well as any inter- 
actions which might exist between the 
variables. The plant trials were run 


sewage plant sludges. 


exist 


on two of three rotary filters used for 
the filtration of plant sludge. 
In order to evaluate the effects of 
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vacuum on filter throughput the follow- 
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changes in knife cut, cycle speed, and 


ing quadratic relationship was postu- 
lated: 
F = Bo + + 
+ [Bi2X + BisXiX; 
+ Bo2X + B33X 3" (1) 


where 


F = filter rate (gph/sq ft), 
8) = constant (gph/sq ft), 
8; = linear effect of independent vari- 


able X, 


8;; = interaction effect of variables X 
and X in combination, and 

8; = quadratic effect of variable X. 
The ranges actually covered in the 
experiment were knife cut—0.00065 
in./rev to 0.0065 in. rev, vacuum— 
10 to 22 in. Hg, and cycle speed—1 to 
5 min/rev. 

While, in fact, the variables X,, Xo, 
and Xs are continuous, integral ap- 
proximations to levels of X, and YX; 
were made because of equipment de- 
sign. (Technically, this approxima- 
tion does affect the analysis but only 
slightly and this is neglected.) 

The central problems in the experi- 
ment were: (a) To determine the valid- 
ity of Equation 1 as a model relating 
filtrate throughput F to process vari- 
ables. (b) To estimate efficiently the 
unknown constants in the relationship. 
(c) To indicate some measure of the 
precision with which throughput can 
be predicted. 

Zach of these questions can be an- 
swered by application of several well- 
known statistical techniques. In this 
regard it was decided to run a central 
composite three factor design in the 
X,, Xe, and X; factor space. 

This type of design possesses several 
advantages (3)(4). This design re- 
quired 18 levels of V,, Xo, and Xz 
to be run. It was feasible to only 
make 9 runs on a given day. Thus the 
experiment was blocked to run the de- 
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FIGURE 5.—New filter cleaning method. 


sign over a two day period and re- 
effects 1.@., 
operator, ete. ) 


move average day 
perature, humidity, 
from the estimation of the 
constants. 

After the com- 
pleted, the procedure for cleaning the 
filters changed. ‘To 
this change, the statistical 


tem- 
unknown 


first 18 runs were 


was account for 
model 
revised to incorporate another level of 


was 


operation. In addition, at this time 


two duplicate 
to determine repeatability and to serve 


sets of runs were made 


as a check on the 


of the other data 


replication variance 


Subsequent to the filter cleaning 
another set of 18 


made. An 


change, runs were 
made to in- 
of the 
would be 
the linear 
effect of slurry coneentration. Condi- 
tions, however, were such that effective 
control 


attempt Was 
crease the solids concentration 
slurry. In this 


possible to evaluate at 


manner it 
least 


over concentrations was not 


possible. In essence then, both series 
of 18 runs were made at approximately 
equal slurry concentrations. 

Initially the 
alyzed separately by analysis of var- 
iance methods. The block effects were 
trivial in each complete design. Thus, 
only the effect of cleaning was incorpo- 
rated in the model 


experiments were an- 


In evaluating the mean squares for 
the effects in these analyses, an inde- 
pendent of replication var- 
lance (reproducibility) was used. It 


estimate 
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was taken from the duplicate sets of 
runs earlier. On the basis of 
suitable filter rate tests on the terms 
representing other effects, lack of fit, 


made 


and replications, it was found that they 
were all statistically insignificant. 

On the other hand, the linear effects 
of knife advance and cycle speed and 
the quadratic effect of cycle speed were 
The interae- 
tion effects, other quadratic effects, and 
all vacuum effects insignificant. 
The replication variance for the two 
and 0.664 for before 
and after changing the cleaning pro- 
cedure. 


statistically significant. 
were 


runs was 0.885 
An analysis of the repeatabil- 
ity data showed a variance of 0.662, in 
good agreement with the above. 

The analysis also showed the derived 
equations fit the data well. The repli- 
cation variance is a direet measure of 
the ability to predict filter perform- 
ance. This variance is due to things 
such as sludge quality, condition of the 
septum, cake thickness, per cent solids, 
and per cent oil ability to accurately 
In the case of 
could 
accurately to the 
During the 
runs the solids varied from 1 to 3 per 
cent and the oil 


measure the filter rate. 
the filter rate 
only be 


measurement it 
measured 
nearest 0.5 gph/sq ft. 
2 to 7 per cent. A 
cursory examination was made to de- 
termine if solids and/or oil might have 
was also exam- 


some effect Vacuum 


ined even though it was shown to have 


PREDICTED 


6 10 2 
ACTUAL 


FIGURE 6.—Comparison of actual 
vs. predicted. 
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an insignificant effect. No decided ef- 
fect was shown for any of these vari- 
ables, although some slight trend ex- 
isted. 

From each experiment the ‘‘8’’ pa- 
rameters were estimated. The agree- 
ment as to sign and magnitude of the 
coefficients on the statistically signifi- 
cant effects was good with only the 
effect of level differing. 

Appropriate 


““t?? tests comparing 
the corresponding estimates were per- 


formed using the diagonal elements of 
the inverse of the (Y'X) matrix, where 
X is the design matrix. None were 
significantly different in the statistical 
The conelusions based on this 
analysis of variance are similar to the 
reached on the basis of 
separate analysis. 

The revised form of model (1) 
now be written as: 


sense, 
conelusions 


ean 


F = + BiX, 
+ BoX + BooX . (2) 


where 


Xo, X io are dummy variables taking 
on the values (0,1) or (1, 0), respect- 
ively, depending on the state of the 
filter. 

Inserting the estimates “3” and sub- 
stituting the variables the equation 
becomes: 


F = 9.188 Xo; + 11.419 Xo + 0.19537 
K — 3.3927C + 0.3784 C?. . (3) 
Where 


K = knife advance, and 


C = cycle speed. 


A replication variance of 0.775 is 
shown for this model. 

The model is represented schemati- 
cally in Figure 5 for the data obtained 
after the new cleaning procedure was 
The model for the prior 
data is at a level 2.2 gph/sq ft lower, 
but with the same trends for the vari- 
Cycle speed has the most sig- 
nificant effect on filter rate. 


employed. 


ables. 
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FIGURE 7.—Effect of cycle speed, 
comparison with literature data. 


Figure 6 shows a comparison of the 
actual vs. predicted data. It indicates 
a good fit for the equation. 

The results appeared to be quite 
radical both from the standpoint of 
the theoretical equation for filtration 
and most of the data published in the 
literature. 

Actual operation of the filters indi- 
cated visually that the cake was quite 
Initially after increas- 
ing the vacuum the blade had to be 
advanced manually. This compressibil- 
ity serves to offset the vacuum effect 
as shown in the theoretical equation 


compressible. 


Rate = F (Vacuum) ®.... (4) 


where S is a measure of compressibil- 
itv approaching unity with increasing 
compressibility. On this basis the effect 
of vacuum would be minimized. Even 
at low knife cuts, at the depth the pre- 
coat was being cut it appeared reason- 
ably free of sludge. Sludge was essen- 
tially coating out on the surface of the 
precoat with very little infiltration of 
sludge particles into the precoat. Thus 
knife advance would not have a marked 
effect on filtration rate. This is shown 
by the graph (Figure 7) where eyele 
speed has the largest effect on rate. 
Literature data reported by Camp 
and Phillips (5) were compared with 
our data. These data were obtained on 
a rotary precoat filter filtering refinery 
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emulsions 


Figure 7 is a comparison of the effect 


and separator sediment 


of eyele speed for the literature and 
our data. Both sets of data show wood 
agreement The effect of knife ad 
vance for the data is shown in Figure 
8. For our data the rate level was 
arbitrarily chosen to show the differ 
ence in slopes. The literature data 
were obtained on a less flocculent, more 
oily sludge. This material is more 
susceptible to plugging and it would 
be expected that knife advance would 
improve filtration rates more than we 
had observed. 


300 
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FIGURE 9.—New filter cleaning technique. 


FIGURE 8.—Effect of knife cut, comparison with literature data. 
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Cost 


Considering the optimization of the 
filter process from a cost standpoint, 
one of the most significant results is 
that vacuum has little or no effect on 
filtration rates. This permits minimi- 
zation of the level of vacuum at which 
the filters are operated, at least down 
to the lower levels studied. No attempt 
was made to estimate the economics of 
operating at low vacuum levels as com- 
pared to higher levels. This would re- 
quire a separate study to determine a 
standard for operating the vacuum 
pumps as a function of the number of 
filters in operation and the levels of 
the operating variables. No such study 
was made but as there are three 150-hp 
electric vacuum pumps, $20 per day 
can be saved by shutting down any one. 

The filter-aid cost is also a high 
variable operating cost. The filter rate 
as a function of knife advance and 
eycle speed is known as shown in 
Figure 5. Combining this with the 
filter-aid cost per unit volume cut we 
ean arrive at a plot which expresses 
filter-aid cost as a function of filtration 
rate, cyele speed, and knife advance. 
This is shown in Figure 9 for data 
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obtained when the filter was cleaned the maximum capacity 34 per cent at 
by the new technique of cleaning. The the same cost. 


plot covers only the practical limits of The study has served to outline the 
the variable. The following significant filter capacity from both an academic 
points are shown by the graph: and practical standpoint and give an 


insight into the effects of the variables 


Cycle speed has the most significant 
of vacuum filter operations. 


effect on increasing filtration rate at 
minimum cost. Each unit change in 
cycle speed has a much lesser effect on 
aid consumption than a unit change in 1. Weston, R. F., and Merman, R. G., ‘The 
knife advance, Thus the knife advance Chemical Flocculation of a Refinery 


Waste.’’ Presented at the 19th mid- 
should be hi Id at 1.0 and cycle speed year meeting of the American Petro- 
varied to attain the desired rate. leum Institute’s Division of Refining, 
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MONTHLY CONTRACT AWARDS-—-SEWAGE TREATMENT WORKS AND 
COLLECTING SEWERS AS REPORTED BY THE PUBLIC 
HEALTH SERVICE (MILLIONS OF DOLLARS) 


Treatment | Sewers Total 
1961) 
Monthly | Cumulative Monthly Cumulative Monthly | Cumulative 
Jan. 24.4 24.4 | 22.4 22.4 16.8 46.8 
Feb. 33.5 | 57.9 223 | 447 | 559 | 102.7 
Mar. | 105.0 m1 | | 
Apr. 30.6 | 135.6 33.5 | 1083 | 64.1 244.0 
. May 50.9 | 186.5 39.3 | 1476 | 902 | 334.2 
June 37.9 | 224.4 42.6 190.2 | 80.5 414.7 
July 21.7 | 246.1 | 29.9 220.1 | 51.6 466.3 
Aug. 46.8 | 292.9 | 53.1 | 2732 | 99.9 566.2 
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OPERATIONAL PROBLEMS OF PACKAGE 
ACTIVATED SLUDGE PLANTS 


Richard S. Howe 


Introduction 
operational 
efficiency of acti- 
vated sludge plants, noted during field 


Problems affecting the 


extended aeration 


studies, are as follows: 


1. Hydraulic shock loads due to 
pumping of raw 
tion tank. 

2. Velocity of 


great enough to press majority of solids 


waste into the aera- 


influent flow not 
into comminutor 
3. Foaming in aeration tank, 
4. Inadequacy of sprays in coping 
with foam problem. 
5. Inadequate control of air supply : 
(a) Excessive turbulence in aera- 
tion tank. 
(b) Denitrification 
rates. 


6. Exeessive return sludge 


7. Clogging of return sludge lines 
by foreign matter 

8. Scum layer on sedimentation 
tank. 

9. High grease content wastes. 


10. Temperature. 


Of primary concern are the problems 
affecting the sedimentation process be- 
cause the settling tank holds the key to 
satisfactory operation of these units. 
Plants receiving wastes on an intermit- 
tent 
cause the 


basis from a pumping station 
blanket to and 
large quantities of solids to be lost in 
the effluent. Two detrimental effects 


are incurred by the loss of solids. 


sludge rise 


Richard 8S. Howe 8s Research {ssistant, 
Sanitary Engineering, Massachusetts Institute 
of Technoloay, Camb dae, Mass 
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1. The mixed liquor solids eoncentra- 
tion decreases. 

2. The effluent BOD is 
above allowable limits. 


inereased 


Decreases in mixed liquor suspended 
solids as high as 1,500 mg/l per month 
have been noted. 


The key to the problem of disturbed 
settling appears to be the pumping rate 
and frequency of pumping. The pump- 
ing rate is significant because pumps 
being used would not operate at low 
pumping rates 


20 gpm or less) eon- 


sistently. The frequeney of pumping 
is important because the wet well may 
be such that long lag periods occur be- 
tween pumpings. Therefore, more fre- 
quent pumping of smaller volumes or 
the use of variable speed pumps to pace 
the sewage flow should facilitate plant 
operation where 
Intermittent 


pumping is required. 
introduction of the raw 
waste also affects the biological opera- 
tion. The operation of these units is 
theoretically based on the premise that 
microorganisms will be maintained at a 
constant point on the growth eurve. 
McKinney eft al. (1) that 
tinuous feeding is essential to the main- 
tenance of constant growth of the bio- 
Therefore, the 
installations ap- 


state con- 


population. 
field 
proach continuous feeding, the more 
efficient would be ex- 
pected, other conditions being equal. 


logical 
nearer actual 


the operat ion 


Air Volume Control 


Inadequate control of the air being 
supplied to unit is one of the major 
mechanical problems confronting the 
operator of a small unit activated 
sludge The majority of the 


plant. 
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units on the market today are equipped 
with positive displacement air blowers 
on a fixed base. Therefore, the only 
available means of varying the air is 
by changing the sheaves on the blower. 
This does not provide adequate control 
and has the added disadvantage of 
being time-consuming. 

Excessive turbulence in the aeration 
tank resulting from inadequate air con- 
trol has a detrimental effect on elarifiea- 
tion when the aeration and settling see- 
tions are housed in a single tank and 
separated only by a baffle. The energy 
imparted to the mixed liquor due to 
this turbulence is carried over into the 
settling section and poor 
clarification. 


results in 


Denitrification 


also stems from the 
basic cause of excess Oo being supplied 
and thereby providing the driving 
foree for nitrification. The denitrifiea- 
tion then occurs in the settled sludge 
causing nitrogen gas to be formed and 
on its release bringing the sludge to the 
surface, 


Denitrification 


Denitrification must be pre- 
ceded by nitrification and since excess 
oxygen is the cause of nitrification the 
solution, obviously, is to decrease the 
quantity of air being supplied. This 
problem will be encountered most fre- 
quently at an installation operating be- 
low the load of the 
plant. The most satisfactory solution 


organie design 
appears to be the incorporation of an 
automatie timer into the diffuser sys- 
With 


these the amount of air being supplied 


tem, or use of a turbine blower. 


can be controlled within relatively loose 
limits. 


Sludge Recirculation 


Excessive rates of sludge recireula- 
tion have an adverse effect on settling 
in two ways. First, the high rates re- 
sult in effectively turning over the en- 
tire volume of the settling tank several 
times each hour. Second, the floe is 
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torn apart, which decreases its ability 
to settle. It is a recognized fact that 
the recireulation rate in a complete 
mixing unit must be greater than in a 
conventional activated sludge plant. 
Tapleshay (2) states the return rate is 
usually 100 per cent and frequently as 
much as 300 per cent of the design flow. 
McKinney (3) reported that total 
oxidation systems required sludge re- 
turn rates of from 100 to 200 per cent 
of the waste flow due to the high MLSS 
concentrations. Field installations have 
been observed, however, with rates up- 
wards of 2,000 per cent of the design 
flow and many times greater when the 
recycle ratio is based on the actual 
average flow. 


Return Sludge Discharge 


Tapleshay (2) reported that return 
sludge discharge rates can be controlled 
by controlling the air volume applied 
to the air lift pump. This is true, but 
the means provided for accomplishing 
this end are inadequate in most in- 
stances and furthermore, when the re- 
turn sludge rate is decreased to within 
reasonable limits, the lines clog almost 
immediately. Therefore, it is felt the 
only reason the rates are maintained at 
such high levels is to prevent clogging. 


The sludge return lines clog  pri- 
marily due to leaves and other foreign 
matter which either falls or is blown 
into the tank. Knox (4) reported elog- 
ging of sludge lines was the most fre- 
quent cause of trouble in Ohio and will 
adversely affect effluent quantity if al- 


lowed to continue. To prevent leaves 
from entering the tank a eovering of 
chicken material is 


wire or similar 


recommended. 


Grease Disposal 


Plants receiving highly concentrated 
kitchen wastes containing large quan- 
tities of grease will develop scum layers. 
These continual nuisance, not 
only from the standpoint of septicity, 


are a 
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but also disposal. Disposal means one 
of two things, either returning it to 
the aeration tank or completely remov- 
ing it from the unit and disposing of it 
by incineration or burial. The method 
chosen will depend on characteristics of 
the scum layer itself. 

When the layer consists primarily of 
biological floc held together in a cohe- 
sive mass by small quantities of grease 
or is made up entirely of sludge, then 
the recommended procedure is to re- 
turn it to tlie aeration tank. 
if scum is primarily grease, in the form 
of ‘‘balls,’’ floating on the surface, then 
disposal should properly be by incinera- 
tion or burial. Knox (4) stated that 
all scum should be removed the 
system and never returned to the aera- 
tion tank. 


Llowever, 


from 


Temperature Effect 


Observations at various plants indi- 
cate low temperatures result in a more 
turbid effluent than during 
warm weather. Ludzack et al. (5) re- 
port that Sphaerotilus apparently has 


obtained 


low 
temperature than at high temperature. 


a better competitive position at 
Microscopic examinations of various 
sludges taken during winter showed a 
predominance of filamentous organisms 
accompanied by a turbid effluent. 
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Conclusions 


1. Intermittent pumping of raw 
waste into the aeration tank has detri- 
mental effect on settling. 

2. Most plants have inadequate con- 
trol of air supply to both the aeration 
tank and the lift return 
pump. 

3. Sludge and skimming 
should facilitate plant operation. 


air sludge 


scraping 


4. Regular maintenance is required 


f the complete mixing systems are to 
give consistent operation. 
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BIOCHEMICAL OXIDATION OF 
THE LOWER FATTY ACIDS 


Results of preliminary investigations 
dealing with the biochemical oxygen 
demand of the lower fatty acids and 
the experimental factors affecting 
these results were reported earlier (1) 
(2). It was shown (1) that L-values 
caleulated according to the ‘‘moments’’ 
method (3) were in good agreement 
with actual observed 20-day BOD 
values when nitrate was used as a 
nitrogen source in the dilution water 
in order to prevent nitrification. The 
k-values for the fatty acids, ranging 
from 0.19 to 0.26, are comparable to 
those reported for sewage by Ruchhoft 
et al. (4). This similarity of results 
was unexpected, since the fatty acid 


P. E. Gaffney and H. Heukelekian 


oxidation curves are very dissimilar to 
sewage oxidation curves (the fatty 
acids show long lag periods after which 
there is a very rapid rate of oxidation 
followed by an abrupt cessation of 
measurable oxygen-uptake). It became 
necessary, therefore, to evaluate the 
rate parameter used when studying 
the oxidation of such readily available 
organic compounds. 

The present studies are divided into 
the following: (a) evaluation of oxida- 
tion rate parameters, (b) factors affeet- 
ing lag period, oxidation rate, and ulti- 
mate oxygen demand, and (c) carbon 
balance studies. 


A. EVALUATION OF OXIDATION RATE PARAMETERS 


Results and Discussion 


Table I shows the results of a num- 
ber of fatty acid experiments. Values 
for k and L for the curves were caleu- 
lated by the ‘‘moments’’ method (3), 
based on seven 1-day increments after 
the lag period. In order to compare 
these values with actual observations, 
it was necessary to employ a different 
rate parameter (At). The expression 
At is defined as: ‘‘the interval of time 
required for exertion of 90 per cent 


At the this work was done P. E. 
Gaffney the Department of Sanita- 
tion at Rutgers University, New Brunswick, 
N. J. His present address is School of Ap- 
plied Biology, Georgia Institute of Tech- 
nology, Atlanta, Ga, H. Heukelekian is 
Chairman of the Department of Sanitation 
at Rutgers University. 

A portion of the paper was presented at 
the 1958 Meeting of the Southeastern Branch 
of the Society of American Bacteriologists at 
Radium Springs, Ga. 


time 


was wim 


of the ultimate oxygen demand beyond 
the lag period’’ and is ecaleulated as 
follows : 


as = 
where 


too = the time at which 90 per cent of 
the ultimate oxygen demand has been 
exerted, and 


tiag = the time at which the lag period 
ceases and the maximum oxygen- 
uptake rate begins. 


The tig is obtained by extending the 
straight-line slope of the curve (log- 
arithmie oxidation phase) to the time 
axis and determining the value of the 
point where it intercepts the axis (Fig- 
ure 1). The curve (Figure 1) is typi- 
cal of all data obtained, in that a 
straight line ean be drawn through the 
values during the maximum oxidation 
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When the rate of oxidation in 
the logarithmic 


phase. 
maximum) oxidation 
phase decreases, the value of Af in- 
creases, 

The data in Table I show that: (a) 
The caleulated L-values compare fairly 
well with the demand of the 
acids observed after 20 days ineuba- 
tion, a fact which provides sufficient 
justification for interchanging the 
terms **20-day’’ and ‘‘ultimate oxygen 
demand.’’ (b) There is no constant 
relationship between the k value and 


oxvgen 


TABLE I.—Comparison of Calculated k- and 
L-Values with Observed At and 20-Day 
Oxygen Demand Values for the 
Lower Fatty Acids 


Compound 


Acetate 20 
100 
1,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 


Propionate 100 
1,000 
4 10,000 
Butyrate 100 
10,000 
10,000 
10,000 

10,000 
10,000 
10,000 
LO,000 


Valerate 


¥ 


10,000 
LO,000 
10,000 


Caproate 
Caprylate 
Caprate 


* Parts of O, pel 
radical. 
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At; 1.e., 
another 


where one test compared to 
higher Aft value 
indicative of a lower rate, the k-value 


may show a 
increase indicating a higher rate. 
Although, as in cases, At in- 
while meaning 
that the rate decreased as indicated by 
both parameters. c) In certain in- 
stances, when the two different 
were compared, the k-values were es- 
sentially the same while the At value 
varied 


nay 
some 


creased decreased, 


tests 


other instances, 
where the differences in At were within 
the experimental error (0.4 day), there 
were apparent differences in k-values. 
d) Where the At values were 1.5 days 
or less (indicating a very high rate of 


widely ; in 


oxidation), it was not possible to ob- 
tain k- and L-values by this method. 
When the days within the lag period 
were included in the ecaleulations, it 
was found impossible to fit the data 
into the method, and k- and L-values 
could not be obtained. The values pre- 
Table | obtained by 
using seven 1-day oxygen demand in- 
crements after the lag period; this 7- 


sented in were 


day period included a significant por- 


tion of the maximum stationary phase. 

Attempts were several 
period that 
would inelude in the calculations only 
the measurements 


made (with 


tests) to use a shorter 
made in the log- 
When the 


number of 1-day increments was de- 


arithmie oxidation phase. 


creased, the k value decreased and the 
L-value increased to a level exceeding 
This 
tendency is the exact opposite to that 
Orford (5) with 
oxidation curves, and can be 


the theoretical oxygen demand. 


observed by sewage 


explained 
on the basis of the following considera- 
tions: 


1. Oxidation of sewage proceeds at 


a constantly decreasing instantaneous 


rate and thus approximates a mono- 


molecular reaction. The k-value actu- 


ally indicates the rate at which the 


real rate (oxygen-uptake per unit 


time) decreases over a particular por- 


tion of the curve. The value k may 


4 
> 
Demand 
Cor parts, part)* 4 
ing lays 

20-das L 
0.19} 3.3 0.84 
0.39 3.2 0.78 
Bae 0.33 | 3.9 0.80 
0.19 1.1 O.S4 

L.5 0.78 
0.19 | 2.2 0.76 
ee. 0.19 | 3.2 | 0.82 | 0.87 ; 
0.26 | 2.4 0.76 0.80 
0.25 | 2.3 | 0.79 | 0.82 
0.50 2.0 0.79 O.80 
0.35) 1.9 | 0.77 | 0.75 
Pet 0.21 3.0 0.75 | 0.78 : 
0.70 

0.35 1.0 1.16 |) 1.10 4 
0.20 | 3.8 1.22: | 1.25 
O31 1.30") 1348 
ie 0.26 | 3.4 1.25 | 1.26 : 
0.37 3.0 | 142) 
Bik 0.28 | 2.4 1.42 | 1.47 . 

0.29] 2.5 | 1.42 | 1.43 
0.26 2.6 1.35 | 1.3/7 
0.18 1.46 | 1.49 
45° 14615 
ia 
0.24; 2.4 | 1.42 | 1.50 


BOD OF FATTY ACIDS 


BOD (parts/part) 


tog = 6.8 DAYS 


\t = 2.2 DAYS 


'Lag 4.6 DAYS 


DAYS 


FIGURE 1.—Method of calculating At in connection with oxygen 
demand of 10,000-mg/1 acetate. 


be defined as ‘‘the fraction of oxygen 
demand remaining to be exerted that is 
exerted per day.’” The rate and ex- 
tent of the principal 
components (soluble and particulate 
matter) of have been shown 
by Balmat (6) and Orford (5) to be 
different. The soluble matter is oxi- 
dized at a very high rate during the 
first two days until it disappears. It 
contributes approximately only 
third of the total oxygen demand of 
The particulate fraction 
is the most important because it con- 
tributes two-thirds of the total oxygen 
demand. Its rate of oxidation is low 
due to limitations imposed by the rate 
of hydrolysis. If longer periods of 


oxidation for 


sewave 


one- 


the sewage. 


time are included in calculation of the 
constants, the L-value inereases because 
more oxygen demand is exerted (by 
the particulate fractions) and the k- 
value decreases due to inclusion of the 


lower rate of oxidation of this frac- 
tion, 

2. Oxidation of fatty acid proceeds 
at a relatively constant rate until the 
reaction is complete. At this point 
oxygen-uptake ceases abruptly. 
clusion of longer periods of time in 
these calculations results in a decreas- 
ing L-value no appreciable 
oxygen-uptake is occurring. Since the 
L-value decreases, * must increase. 

3. Theoretically, a straight-line 
curve would show an infinite L-value 
and k& would naturally tend toward 
zero. Since the fatty acid oxidation 
curves approximate straight lines in 
the logarithmic oxidation phase, the k- 
values obtained from only points in 
this portion of the curve would be very 
low, even though oxygen is being con- 
sumed at a high rate. 


because 


The use of the k-value in interpret- 
ing fatty acid oxidation rates as well 
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as other readily available soluble or- 
ganic compounds is thus limited be 
cause the duration and number of time 
increments used in the calculation con- 
stitute the principal factor affecting 


the value obtained. It may also be 
interesting to note that the ‘‘two 
point’? method of Rhame (7) and 


Orford’s logarithmic method (5) were 
tested and found to be subject to the 
same limitations. 

Although At has been used as a rate 
parameter in analyzing the curves ob- 
tained, it is not an expression of 
‘‘rate’’ (oxygen-uptake per unit time) 
in the strict sense of the word, since 
the units of At are expressed as 
‘‘days.’’ The value is used to define 
the number of days required for ex- 
ertion of 90 per cent of the ultimate 
oxygen demand with a given compound. 
Its principal usefulness is that it 
allows tabular comparison of two or 
more different sets of data, thus elimi- 
nating the need for space-consuming 
graphs. In comparing two oxidation 
curves in which one shows that a longer 
period of time is required for exertion 
of 90 per cent of the ultimate oxygen 
demand, the rate of oxidation would 
be less, and a higher At value would 
be obtained for that curve 

Actual rates of oxidation can be eal- 
culated when the amount of oxygen- 
uptake in terms of parts of oxygen 
consumed per part of compound is 
known. For example, if 90 per cent 
of the ultimate oxygen demand with 
acetate equals 0.72 part per part and 
the Af value is 5.0 days, the rate of 


Earlier work (1) dealt with a eon- 
sideration of the effects of the BOD 
method employed, cations, substrate 
concentration, quality and concentra- 
tion of seed, and nitrogen and phos- 
phorus requirements on the 5-day and 
20-day BOD values of the lower fatty 


B. FACTORS AFFECTING LAG PERIOD, OXIDATION RATE, 
AND ULTIMATE OXYGEN DEMAND 


oxidation is 0.72/3.0 or 0.24 part of 
oxygen consumed per part of acetate 
per day. This value would be the 
average rate of oxidation during the 
logarithmie phase of fatty acid oxida- 
tion. 


Conclusions 


The purpose of this phase of the 
study was to evaluate the parameters 
used in ealeulating oxidation rates 
during BOD studies on the lower fatty 
acids. The conelusions derived from 
these investigations are as follows: 


1. The common method of expressing 
oxidation rate (k-value) is not ap- 
plicable to BOD results of the lower 
fatty acids due to: (a) long lag pe- 
riods with high substrate concentra- 
tions, (b) rapid oxygen-uptake after 
the lag periods cease, and (c) the 
leveling-off of the  oxygen-uptake 
curves subsequent to exertion of the 
maximum oxygen demand. On this 
basis it was necessary to develop a 
different rate parameter based on the 
actual shape of the oxygen-uptake 
curve. 

2. The rate parameter determined 
to be more applicable to BOD curves 
on such readily available (soluble 
substrates the expression 
which is defined at the length of time 
required for exertion of 90 per cent 
of the ultimate oxygen demand beyond 
the lag period. This value represents 
the average rate of oxidation within 
the logarithmic phase and eliminates 
error due to long lag periods. 


acids. The purpose of the studies 
reported herein deals with the effects 
of substrate concentration, initial pH, 
adaptation, and initial numbers of or- 
ganisms in the seed on the length of 
the lag period, oxidation rate, and 
oxygen demand values. 
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TABLE I. 


FATTY ACIDS 


Effect of Substrate Concentration on Lag Period, Rate of Oxidation, 


and Oxygen Demand 


Substrate Cone 
(mg/1) 


Lag Period 


Substrate 
(days) 


Acetate 10 
20 
100 
1,000 
10,000 
100 
1,000 
it 10,000 
Butyrate 1,000 
L 10,000 


Propionate 


* Parts O» per part of substrate. 


Methods and Results 
Fatty Acid Concentration 


A series of tests was conducted with 
three fatty acid substrates in varying 
concentrations using the jug dilution 
method (8) for 10- and 20-mg/I1 acetate 
and the Warburg respirometer for 
higher concentrations of acetate, 
propionate, and butyrate. All tests 
were performed according to the pro- 
cedures outlined in ‘‘Standard Meth- 
(9). The results of these tests are 
presented in Table IT. 

The data (Table II) show that as 
substrate concentration increased, 
there was a corresponding increase in 


ods’”’ 


lag period and, for acetate, an increase 
in At or decrease in rate of oxidation. 
However, Af decreased with increasing 
concentration of either propionate or 
butyrate, indicating that, far 
compounds are concerned, in- 
in results in an 
increase in the relative rate of oxida- 
tion (parts of per part of 
substrate per day). With all sub- 
strates (including acetate) there was 
an in the absolute rate of 
(mg/l oxygen per unit of 
time) with increasing concentration of 
organic material. 

Only with 10,000-mg/1 acetate was 
effect on the 5-day 
BOD due to an extremely long lag pe- 
riod. Within the normal experimental 


as as 
these 
crease concentration 


oxygen 


increase 


oxidation 


a concentration 


5-Day BOD 
(parts/part)* 


20-Day BOD 
(parts /part)* 


At 
(days) 
0.78 

0.72 

0.77 

0.75 

0.03 

1.08 

1.10 

0.98 

1.39 

1.35 


0.82 
0.75 
0.80 
0.79 


variation of the tests, no effect of sub- 
strate concentration was observed with 


regard to ultimate (20-day) BOD. 


Numbers of Initial Organisms 


Previous results (1) showed that 
the variation in lag periods with ace- 
tate and valerate (using 10,000 mg/1) 
depends on source and sampling time 
of the sewage seed; for instance, the 
lag periods with acetate seeded with 
10-per cent sewage by volume ranged 
from 0.7 to 5.2 Further analy- 
sis of these preliminary eurves indi- 


days. 


cated that the At values ranged from 


1.2 te 3.0 days. Thus, the 5-day BOD 
is greatly affected by the length of the 
lag period and the subsequent 
of oxidation. It was also shown (1) 
that a constant food: seed ratio of 
100:1 with 100- and 10,000-mg/1 ace- 
tate failed to eliminate the lag with 
high substrate concentration. In view 
of the fact that the length of the leg 
period is generally considered to be 
principally affected by numbers of or- 
ganisms, it was considered desirable to 
test this hypothesis. 

In order to determine the effect of 
numbers of initial seed organisms on 
the lag period and rate of oxidation, 
three tests using 10,000-mg/1 acetate 
were made on different sewage samples 
at a constant seed concentration of 10 
per cent by volume. Warburg BOD 
curves were obtained on each up to a 


rate 
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TABLE III.—Effect of Numbers of Initial Seed 
Organisms on Oxygen Demand of 
10,000 Acetate 


Determination 


Avg no. bacteria/ral*) 21,500 
Lag period (days 1.0 
At (days) 2 
5-day BOD 

(parts/ part) 


54,000 87,500 
1.6 


3.0 


2.4 


0.15 0.69 


*In Warburg flask 
period of 20 days. 


agar for 


bers of organisms 


Simultaneously, an 
the 


in the sewage seed 


medium counting num- 
was prepared using 2-per cent 
agar and 10,000-mg/] 
other nutrients in 
identical to used in the BOD 
dilution water. In order to count only 
those organisms aerobically 
the acetate (to simulate conditions in 
the Warburg l-ml portions of 
serial ten-fold dilutions of the sewage 


plain 
acetate, plus all 

concentrations 
those 


utilizing 
flask 


samples were pipetted onto the surface 
of the previously solidified agar and 
spread over the surface of the plate. 
The plates were then placed in a 37°C- 
incubator for with the lids 
slightly tilted in order to evaporate the 
dilution water, after which they were 


one hour 
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closed and inverted; the colonies were 
counted after incubation at 20°C for 5 
The 
presented in Table ITI. 

The data (Table III) show that, in 
the test with the lowest initial number 
(21,500 ml), the shortest 
lag period and highest rate of oxidation 
As the numbers of 
initial organisms increased, At also in- 
that the maximum 
rate of oxidation actually decreased. 
It is that the 
organisms in the three tests are in the 
same order of magnitude, and the dif- 
ferences may not be such as to consti- 


days. results of these tests are 


of bacteria 
were observed. 
creased, meaning 
number of 


recognized 


tute a good basis for contrast. 
be concluded, 


It may 
nevertheless, that there 
is no trend toward either shorter lag 
periods or more rapid oxidation rates, 
or both, with 


apparently increasing 


numbers of organisms in the seed. 


Need Adaptat 


It was shown previously (1) that 
when low 5-day BOD values were initi- 
ally obtained with 10,000-mg/1 acetate, 
butyrate, and valerate, using sewage 
seed, it was possible to adapt a seed 
to give higher 5-day values. 

It was not definitely known whether 


adaptation merely reduces the lag pe- 


TABLE IV.—Effect of Adaptation on Lag Period, At, and Oxygen Demand Values 
of 10,000-mg /1 Fatty Acid Substrates 


Substrate 


> Days | 10 Days 


Acetate No. 5. 
Acetate No. : 1.8 
Propionate 
Butyrate 

Valerate 5 
Caproate 2 
Caprylate 2.2 3 
Caprate 1.6 


0.03 
0.73 
0.98 
2.2 1.36 
5.2 0.08 
0.64 
2 1.47 
2 


0.34 


Adapted Seed 


Demand (parts /part) 


5 Days 10 Days 20 Days 


0.76 


. Usually involved only one transier ol seed material. 


+ Three transfers. 
t Two transfers. 


| 

Sample No. 

l 2 3 

= = 

| 

- 

1.0 0.75 | 0.75 | 

3 0.74 | 0.75 | 1.6 2.1 | 0.72 | 0.79 | 0.80 , 

2.9 1.05 | 1.21 1.22 

140 |} 1.42 |] 05 27 1.36 | 140 | 1.42 

1.24 1.44 O.8t 1.8 1.29 1.38 1.44 

«Oe 1.46 1.54 0.5 4.1 1.46 1.63 1.66 : 
VA 1.60 1.66 1.6 1.2 1.45 1.69 i.70 i 

dai 118 | 1.19 | 24 2.4 | 1.27 | 1.39 | 1.40 
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TABLE V.— Effect of Adaptation on the Relationships Between 5-Day, 20-Day, and 
Theoretical Chemical Oxygen Demand of the Fatty Acids 


Sewage Seed 


TOD* 


Compound (parts / part) 


5/20 
| (%) 
Acetate 1.10 - 
J 
Propionate 1.50 85 | 
Butyrate 
Valerate 2.04 6 
Caproate 2.21 42 
Caprylate 2.44 89 
Caprate 2.60 | 28 


oxide and water. 


riod by having larger numbers of seed 
organisms or whether it serves to in- 
crease the l6%arithmic oxidation rate 
due to a transfer of organisms that are 
in an improved physiological state, or 
both. 

The data in Table IV are presented 
in an attempt to explain the actual 
mechanism of the beneficial effect of 
adaptation on the 5-day BOD of 10,000 
mg/l of the fatty acids studied. 

The procedure used to obtain these 
results involved an initial test using 
0.1- to 10.0-per cent domestie sewage 


as seed. After the maximum oxygen 


demand had been observed, the re- 
sultant liquor was used to seed a 
fresh fatty acid preparation. In every 


instanee, the concentration of this 
‘‘adapted seed’’ used was 10 per cent 
by volume. 

Table IV shows that adaptation re- 
sulted in appreciable reduction in the 
lag periods except in one case (second 
test with acetate) where a low lag pe- 
riod was observed with unadapted seed. 
This will be discussed later in more 
detail. It was not possible, however, 
to completely eliminate the lag period 
even with subsequent transfers of seed 
material. 

Generally, adaptation resulted in an 
inereased At value. There is no satis- 
factory explanation as to why this in- 
crease occurred because it means that 


theoretical chemical oxygen demand based on complete oxidation to carbon di- 


Acapted Seed 


5/TOD 20/TOD 5/20 5/TOD 20/TOD 

(%) | (%) (%) % 

| | | 69 
6 | 6 | 9 | 6 | 7 
65 | 77 86 | 70 | 81 

29 | 70 88 66 75 
60 | 68 84 51 | 70 
13 | 49 | 54 


the rate of oxidation in the logarithmie 
phase was actually decreased. It may 
be related to the fact that the organ- 
isms were respiring endogenously 
when transferred. However, even with 
the inerease in Af, the 5-day BOD with 
adapted seed was increased signifi- 
cantly when a low value was initially 
obtained using the sewage seed. This 
was due to the reduction in lag period. 

The effect of adaptation on the re- 
lationships between the 5-day, 20-day, 
and theoretical oxygen demand is 
shown in Table V. (The data in this 
table are derived from the results in 
Table IV.) 

Caprate appears to have been less 
susceptible to oxidation than the other 
compounds in this group. (The maxi- 
mum observed BOD was 54 per cent 
of the TOD while the range for the 
other acids was 69 to 81 per cent.) 
This could be due to the faet, that at a 
concentration of 10,000 mg/l, caprate 
formed an emulsion which most likely 
rendered it less available for biological 
oxidation than the older soluble com- 
pounds. 

With 0.1- to 10.0-per cent sewage 
seed, the 5-day oxygen demand values 
represented from 6 to 97 per cent of 
the 20-day value (or ultimate oxygen 
demand). Adaptation had the effect 
of increasing this range to 84 to 98 
per cent, indicating that oxidation was 
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essentially complete by the 5th day 
due to reduction in lag. 
When using sewage seed, the 5-day 


values represented from 3 to 76 per 
cent of the theoretical chemical oxygen 
demand. Adaptation narrowed this re- 
lationship to 49 to 76 per cent. 

The 20-day values represented from 
46 to 79 per cent of the theoretical 
when sewage used as 
Adaptation had the effect of inecreas- 
ing this range to 54 to 81 per cent. 
This increase in observed 20-day values 
is not considered significant, indicating 
that the maximum (or ultimate) oxy- 
gen demand values of the fatty acids 
represent an average of approximately 
70 per cent of theoretical when 
using either sewage or adapted seed. 
If the with caprate 
were eliminated from the calculations, 
the 20-day value represents between 
68 to 81 per cent of the theoretical 
chemical oxygen demand, regardless of 
the type of seed used. 

The following 
rived from these 


Was seed. 


the 


values obtained 


conclusions are de- 


experiments: 


1. Adaptation is responsible for a 
considerable reduction in the lag pe- 
riods initially observed when sewage 
is used as seed for oxidation of 10,000- 


mg/l fatty acid. Adaptation, how- 
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rate of 
With 
adapted seed, the observed 5-day oxy- 
ven usually higher than 
with but the ultimate 
(20-day ) demand values are 
comparable with either seed material. 
2. More and reliable 5- 
day oxygen demand values are obtained 
for 10,000-mg/1 fatty 
adapted seed is used. 


the 
oxidation once the lag is over. 


ever, does not increase 


demand is 
sewage seed, 


oxygen 


consistent 


when 
observed 


acid 
The 
\-day value with adapted seed repre- 
sents approximately 65 + 7 per cent of 
the theoretical oxygen de- 
mand based on complete oxidation to 
carbon dioxide and water. With sew- 
represents 
theoretical 


chemical 


age seed the 5-day value 

40 + 27 the 

chemical oxygen demand. 
3. The 


mate 


per cent of 


ulti- 
oxygen demand values observed 


average maximum (or 
after 20 days represent approximately 
68 to 81 per the 
chemical oxygen demand. 


cent of theoretical 


During these adaptation experi- 
ments, it was observed in certain cases, 
i.e., test 2 with acetate (Table III and 
Figure 2), that the lag period using 
adapted seed was longer than in the 
initial curve This 
curred only when the final liquor (from 
the sewage test) 


with sewage. 0c- 


to be used as *‘adapted 


DEMAND (parts/part) 


O- 
2 


AYS 


FIGURE 2.—Oxidation of 10,000-mg/1 acetate for two mixtures. 
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seed’’ was transferred to a fresh prepa- 
ration 5 days after the maximum oxy- 
gen demand had been observed. This 
means that the organisms had been 
respiring endogenously for 5 days 
prior to transfer to a fresh acetate 
preparation. 

Thus, it was desirable to determine 
the optimum point in an oxidation 
curve at which the organisms would be 
most capable of rapidly oxidizing fresh 
substrate preparation, and to compare 
the lag periods and oxidation rates 
with the numbers of organisms in the 
seed. Accordingly, a test was set up 
using 10,000-mg/1 acetate and 10- per 
cent sewage seed. Oxygen uptake 
measurements were made for 20 days. 
At three different times during the oxi- 
dation period aliquots of the mixture 
were transferred to three separate 
preparations of fresh substrate. The 
three transfer points were the early 
and late logarithmic oxidation phases 
and the maximum stationary phase 


BOD OF FATTY ACIDS 


TABLE VI.—Effect of Numbers of Organisms 
and Time of Seed Transfer on Lag Period 
and At Observed in Subsequent 
Oxidation of 10,000 mg/l Acetate 


Seed | De- 
Organ- | Time? of mand at | Lag At 
isms | Seed Transfer Time ¢ -eriod | (days) 
per ml (X (days) (parts/ | (days) | ‘°#¥S 
1,000,000) part) } 


0.054) 0 (10% 
sewage) 

20 5.5 

73 7.0 

123 9.0 


(approximately one day after measur- 
able oxygen uptake ceased). Plate 
counts (using the procedure previously 
deseribed )were made on the initial 
sewage and on the three ‘‘adapted”’ 
seeds. The results are presented in 
Table VI and Figure 3. 

A 4.5-day lag period was observed 
with the sewage seed. The ‘‘early log- 
arithmie phase’’ is considered to have 
lasted 1 day—from the end of the lag 


O» DEMAND (parts /part) 


° INITIAL SEWAGE SEED 
eae POINTS OF SEED TRANSFER | N OXIDATION CURVE 


DAYS 
FIGURE 3.—Effect of adaptation on oxidation of 10,000-mg/1 acetate. 
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TABLE VII. 


Effect of Initial pH on Oxidation 
of 1,000 mg/l Acetate 


Demand 
parts part) at 


10 days 
10 days 


0.11 
O.16 
0.65 
0.58 
0.57 0.68 
0.54 0.70 
0.63 0.73 


0.57 
0.70 
0.69 
0.66 


period to 5.5 days where the BOD ex- 
erted 0.30 parts/part. At 7.0 
days, the late logarithmic phase was 


was 


almost over; oxygen uptake actually 
ceased after 8.0 days. 

Adaptation reduced the 4.5-day lag 
period appreciably, but had little or 
no effect on the Af the ulti- 
mate oxygen demand value. (The dif- 
ferences in Af are considered to be 
within The small 
differences in lag periods (0.7 to 1.0 
day) with the three ‘‘ 
that 
containing 20 


value or 


normal variation. 
adapted seeds”’ 
that the 


organisms 


resulted indicated seed 


million per 
milliliter was capable of attacking the 
acetate as rapidly as the seed contain- 
ing 73 million organisms per milliliter, 
On this concluded that 
maximum reduction in lag period ean 


basis, it is 


be obtained if seed is transferred while 


the organisms are actively oxidizing 
the substrate. If the 


transferred a significant length of time, 


organisms are 


ie., 5 days after endogenous respira- 
tion has begun, their capacity for ae- 
celerated oxidation of a 
strate preparation is lost 


fresh sub- 


Figure 2). 


Initial pH 


Since industrial wastes may be dis- 
charged over a wide range of pH levels, 
it was desirable to determine whether 
the fatty acid contained in a waste 
would be oxidized by the bacteria, and 
what effect the various initial pH levels 
would have on the lag period, the rate 
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of oxidation, and the extent of oxida- 
tion. 

Table VII results of an 
experiment in different 
preparations of 1,000-mg/l acetate were 


shows the 
which seven 
adjusted to various pH levels (5.2 to 
9.9) prior to the addition of 1.0-per 
eent The 
oxygen demand and pH changes were 


sewage seed. cumulative 
measured for a period of 10 days. 

In addition to the results shown in 
Table VII, it 
in each test, when as little as 0.1 part 
per part oxygen demand had been ex- 
erted the pH of the mixed liquor lev- 
eled off around 8.2 to 8.5 inde- 
pendent of the initial pH. 

The shortest lag periods (1.8 to 2.0 
days) obtained at pH 7.8 and 
8.5, and the lag increased as the initial 
pH deviated from this range to either 
the acid or 


was also observed that 


and 


were 


alkaline side. There was 
no constant trend or relationship be- 
tween initial pH and the Af values. 
The highest on the basis of Af) 
in the logarithmic phase (after the lag 
period) was obtained when the initial 
pli was 9.9, and the lowest was ob- 
tained at a pH of 5.2. 

Due to the long lag periods and 
large At values, all the 5-day BOD 
values were affected with the 
tion of the test in which the initial 
pH was 6.7. In the test with an 
initial pH of 5.2, the combination of 
long lag period and slow rate had an 


rate 


excep- 


effect on the 10-day oxygen demand. 
After 10 days the final pH in each 
test 8.1 to 8.4. 


ranged from 


It was concluded from this experi- 
ment that initial pH levels of 5.2 to 


effects on the 
length of the lag period and the sub- 
sequent oxidation rate of 1,000-mg/] 
acetate, but apparently do not affect 
the maximum oxygen demand. 


9.9 have significant 


In these studies no attempt was made 
to buffer the test solutions in order 
to maintain a neutral pH during oxi- 
dation. It has been observed that 
independent of initial pH, the pH 
after 0.1 part per part oxygen demand 


3 
— 
a | 
Initial Period H at 
5.2 3.9 5.4 8 
a 6.7 2.6 2.5 8 
~ 
4.2 2.6 8 
7.8 2.0 3.6 8 
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has been exerted tends toward a level 
of 8.1 to 8.4. The question arose as 
to whether this trend toward the alka- 
line side during oxidation is responsible 
for onset of the maximum stationary 
phase in the oxidation curves. If this 
were the case, the organisms oxidizing 
the fatty acids may be inhibited and 
oxidation would cease, although fatty 
acid may still be present. The effect 
of this pH trend may, therefore, be 
responsible for the low ultimate oxy- 
ven demand values in relation to the 
theoretical. 

In order to test for this possibility 
and to maintain the pH close to neu- 
trality during oxidation, the following 
experiment was conducted. Three 
preparations of 1,000-mg/l acetate 
using 1.0-per cent sewage were set up 
in the following manner: (a) Glacial 
acetic acid was added directly to a 
solution containing 90-per cent buf- 
fer* by volume and 20-per cent di- 
lution water containing all of the 
necessary minerals. (b) Glacial acetic 
acid neutralized to pH 7.0 with sodium 
hydroxide was added to 80-per cent 
buffer. Glacial acetic acid neu- 
tralized to pH 7.0 with sodium hy- 
droxide was added only to dilution 
water. Changes in pH and the oxygen 
demand of each test were determined 
manometrically for 7 days because at 
this time oxygen uptake ceased. The 


(c) 


*29.6 ml of 0.1IN NaOH plus 50.0 ml of 
0.1M KH.PO, diluted to 100 ml units dis- 


tilled water. pH = 7.0. 
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results of this experiment 
sented in Table VIII. 
Table VIII shows that direct addi- 
tion of unneutralized acetie acid to the 
buffer resulted in a final pH (after 
oxidation) of 7.2 compared with the 
much higher pH values obtained in the 
tests where sodium acetate was di- 
luted in the buffer or dilution waters. 
The comparable maximum oxygen de- 
mand values obtained in all three tests, 
however, indicated that the final pH of 
8.1 to 8.4 usually obtained has no effect 
on the maximum demand of 
the fatty acid and eliminates specula- 
tion concerning the possibility of the 
alkaline pH being responsible for the 
large difference between actual and 
theoretical oxygen demand. 


are pre- 


oxygen 


Discussion 


The differences in lag periods and 
oxidation rates of acetate due to low 
initial pH levels of 5.2 to 5.7 may 
be explained on the basis of two pos- 
sible alternatives: (a) There may be a 
selection of different bacterial species 
at various initial pH levels and these 
different species oxidized acetate at a 
different rate. (b) At each initial pH 
level, the same organism may be re- 
sponsible for the oxidation but, be- 
cause of the pH difference, oxidation 
proceeds at a different rate. Avail- 
able data would tend to minimize the 
possibility of the second alternative 
with regard to pH 5.2 and 5.7, sinee, 
in each test, after an oxygen demand 


TABLE VIII.—Effect of Direct Addition of Glacial Acetic Acid to Buffer on Final pH 
and Maximum Oxygen Demand of 1,000 mg/l Acetate 


HAe 
80-per cent Buffer 


OD* | 
(parts/part) 
| 


0 

0.57 
0.73 
0.77 


OD* 
(parts/part) 


0 
0 
0 
0 


NaAc NaAc 
80-per cent Buffer Distilled Water 


OD* 


pu (parts/part) 


7.0 
8.6 
8.6 
8.6 


0 
0.55 
0.76 


4 
68 


75 


| 
| 
| 
| 


* Oxygen demand—parts of oxygen per part of acetate. 
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of 0.1 part per part had been exerted, 
the pH at this point was 8.2 to 8.5, 
but subsequent oxidation proceeded at 
a different rate compared with the 
higher pH levels. In other words, in 
the time at which At was caleulated 
the pH’s of the cultures were essen- 
tially the same and thus the initial 
pH of 5.2 and 5.7 had a direct effect 
on the lag period and an_ indirect 
effect on the logarithmic oxidation 
rate. It is most likely that this in- 
direct effect of initial pH on the oxi- 
dation rate was due to a selection of 
different bacterial species during the 
lag period. 

At the present time there is no defi- 
nite explanation of the reason for de- 
creasing relative oxidation rate (parts 
of oxygen per part of substrate) with 
increasing acetate concentrations in 
contrast to the slight trend toward an 
increasing relative rate for propionate 
and butyrate. However, as has been 
shown, the amount of oxygen demand 
per part of fatty acid increases with 
increasing number of carbon atoms in 
the moleeule. It can be reasonably as- 
sumed that the energy value is greater 
to the organisms as the concentration 
of substrate and length of the mole- 
cule increases. It is possible, there- 
fore, that if a constant fraction of the 
higher energy output is directed to the 
construction of important intermedi- 
ates in the oxidative pathways, then 
the combination of inereasing concen- 
trations and increasing energy yield 
may exert a stimulating effect on the 
oxidation rate. On the other hand, 
the possibility of a toxie effect with 
high acetate concentrations should not 
be disregarded. 

It is also difficult to explain the 
mechanism of seed adaptation. 
Adaptation resulted in decreased lag 
periods and higher 5-day BOD values, 
but there was no significant corre- 
sponding increase in the oxidation rate 
during the logarithmic phase. The de- 
crease in lag period is apparently af- 
fected somewhat by higher numbers of 
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organisms but it has been shown that 
numbers of initial organisms in the 
seed is not the complete answer even 
when other environmental conditions 
are rigidly controlled. It is noteworthy 
that some sewage seeds used in these 
tests resulted in shorter lag periods 
and higher rates of oxidation than 
some adapted seeds even though all 
other environmental conditions were 
similar in each case. This may most 
likely be explained on the basis of the 
average generation time of the species 
mixture and differences in metabolic 
rate of different bacterial species in 
different seed sources. 

In none of these tests was it pos- 
sible to completely eliminate the lag 
period in the oxidation curves. This 
is particularly true with high substrate 
concentrations, but it is general knowl- 
edge that lag periods are also observed 
with very low substrate concentrations. 
Initial numbers of seed organisms have 
a minor role in affecting lae period. 
Generation time probably has a greater 
effect. But rather than consider 
numbers of organisms per se, it might 
be more luerative to direct such in- 
vestigations to a study of the relation- 
ships between food concentration and 
availability of important metabolie in- 
termediates on a molecular _ basis. 
Biochemical reactions are subject to 
“mass action’’ laws as much as any 
chemical reaction. The citric acid 
eyele has been shown to be an im- 
portant oxidative pathway for many 
bacterial species. In order for any 
earbon and energy source to enter into 
this pathway for subsequent oxidation 
and synthesis it must be converted by 
some means to acetate, which in turn 
enters the eyele through a condensa- 
tion with oxalacetie acid to eventually 
form citric acid. The number of 
oxalacetic acid molecules present in a 
bacterial cell might thus become a very 
important limiting factor in the eca- 
pacity of the cell to oxidize an organic 
substrate. Werkman and Wood (10) 
have shown that oxalacetie acid can 
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be formed through an enzymatic con- 
densation of carbon dioxide and 
pyruvie acid. 

In the Warburg tests described in 
this report, carbon dioxide was trapped 
in a potassium hydroxide vial in the 
Warburg flask in order to make direct 
oxygen uptake measurements. It 
would also be reasonable to assume 
that pyruvie acid was lacking since 
the principal supply of this compound 
is glycolysis and obviously no glyeoly- 
sis was occurring with pure fatty acid 
substrates. 

Thus, it is possible that the bacteria 
in the seed used in 
faced with a high food supply and a 
high oxalacetic acid requirement but 
with no carbon dioxide and/or pyruvie 
acid to satisfy this requirement for 
rapid oxidation in the lag period. 
This hypothesis is examined in the 
third phase of this study. 


these tests were 


Summary and Conclusions 


A study of the effects of substrate 
concentration, numbers of initial seed 
organisms, adaptation, and initial pH 
on the lag periods, rates of oxidation, 
and oxygen demand values of several 
of the lower fatty acids was made. 
The following conclusions are derived 
from the results of the tests. 


1. Increasing concentrations of ace- 
tate, propionate, and butyrate resulted 
in an absolute oxidation 
(mg/l oxygen uptake per unit 


increasing 


rate 


It has been shown (1) that, using 
adapted seed, the 5-day BOD values 
of the lower fatty acids represent ap- 
proximately 70 per cent of the theoreti- 
eal oxygen demand, based on complete 
combustion to carbon dioxide and wa- 
ter, and 91 per cent of the ultimate 
oxygen demand, based on direct meas- 
urement after 20 days’ incubation. 
This means that the ultimate (20-day) 
oxygen demand represents approxi- 
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time) after the lag period was over, 
but the length of the lag periods in- 
creased with increasing concentrations. 
Increasing concentrations of propion- 
ate and butyrate also resulted in a 
slightly inereased relative oxidation 
rate (parts of oxygen per part of 
substrate per day). 

2. No relationship was observed be- 
tween length of lag periods and initial 
numbers of organisms in the sewage 
seed. 

3. The initial pI values of 5.2 and 
5.7 in these tests had marked effects 
on lag periods and oxidation rates and 
beyond this had no significant effect 
or definite trend. 

4. Adaptation of seed has the effeet 
of reducing the lag periods initially 
observed with sewage seed but does 
not significantly inerease the  log- 
arithmic rate of oxidation. Through 
its effect of reducing the lag, more 
reliable short-term BOD values are ob- 
tained. 

5. None of the factors studied had 
an effect on the ultimate (20-day) oxy- 
ven demand of a given substrate. How- 
ever, all of these factors through their 
effect on lag period and oxidation did 
affect in one way or another the 5-day 
BOD values 

6. It was not possible to completely 
eliminate the lag observed 
with high fatty acid concentrations. 
Other factors, not previously consid- 
ered, may affect the length of these 
lag periods. 


observed. 


periods 


mately 75 per cent of the theoretical 
(or chemical) oxygen demand. 

Prior to 1938 it was generally as- 
sumed that the conversion of relatively 
simple non-nitrogenous compounds by 
bacteria under highly aerobie condi- 
tions was limited to complete oxidation 
of the substrate to carbon dioxide and 
water. In support of this view, Krebs 
(11) had shown that the oxidation of 
acetate by Escherichia coli goes to com- 
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TABLE IX.—-Carbonaceous Materials 
Balance for Oxidation of Acetate 


Item (mount 


Acetate cone. (mg/! 1,000 10,000 
Initial COD (mg/! 1,035 10,500 
Total BOD exerted 
(mg/l) S08 7.600 
Final liquor COD (mg/! 269 2.900 
Filtrate COD (mg/l 114 1,300 
Cell fraction COD 
155 1,600 
Cell solids (mg 140° 
Portion of Original COD 
BOD per cent 78.0 72.3 
Cells (per cent 13.5-15.0 15.2 
Residualt (per cent 11.0 12.4 
Total COD recovery 
(per cent) 102.5-104.0) 99.9 
* Cell solids. 
Biologically-unoxidizable organic material. 


pletion at a quite constant rate and 
that 
oxidized. 

Clifton and Logan (12 
to eonfirm Kreb’s with 
their strain of EF. coli Over a pH 
range of 5.6 to 7.7 the rate of oxygen 


essentially all of the acetate was 
were unable 


observations 


uptake remained at a relatively con- 
stant level irrespective of acetate con- 
150 to 1,200 


TD per cent 


centrations ranging from 
mg/l, until approximately 
of the 
oxidation had been consumed 


oxygen required for complete 
At this 
time oxygen uptake decreased abruptly 
and approached a that of 
the control suspension to which no ace- 
tate had added. The oxidation 
of propionate was also shown to pro- 


level near 


been 


ceed in a similar manner 

In another paper, Clifton (13) ob- 
tained 75 per cent of theoretical oxida- 
tion with and butyrate using 
Clifton at- 
reaction to be 


acetate 
Pseudomonas calso-acetica. 
tributed the 
one of 


over-all 
‘foxidative assimilation’’ in 
order to account for the remaining 25 
per cent not oxidized, meaning that 25 
per cent of the original substrate was 
converted to new cellular protoplasm. 
A 25-per efficiency in 


cent cellular 
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high 
figures 


vield seemed to be extremely 
since the commonly accepted 
are usually in the 8- to 15-per cent 
range reported by Porter (14 
showed that C**- 
biologieally un- 
formed during 
oxidation of C-labeled 
glucose and that this activity was as- 
sociated with a residual COD. 
MeKinney 16 


non-nitrogenous 


Porges et al. (15 
containing residues 
oxidizable 


aerated sludge 


were 


Symons 
that a 
polysaccharide is 


and contend 
formed during activated sludge oxida- 
tion of acetate 

It was thus considered pertinent to 
this study to determine after oxidation 
the gross distribution of the ecarbon- 
aceous material contained in the origi- 
nal substrate. 


Experimental Methods 


Experiments were conducted using 


1,000-and 10,000-me /1 acetate and sew- 


age seed. Chemical oxygen demand 
and suspended solids concentration 
were determined on the initial mix- 
tures and the oxygen demand was 


measured manometrically until oxida- 
tion ceased. It previously was deter- 
mined that the COD test. using silver 
100-per 
cent recovery of acetate. At that time 
the final collected from 10 
replicate Warburg flasks) were passed 
through millipore filters that had been 
In the 1,000-mg/1 
test, the cells trapped on the filter were 
dried for 2 hr at 103°C and weighed 
in order to determine cell yield on a 
weight to COD re- 
A second aliquot of eells was 


sulfate as a catalyst, yields 


liquors 


previously weighed 


basis in addition 
sults. 
subjected to COD analysis in addition 
to COD determinations on the filtrate. 
Aliquots of the filtrates also 
adjusted to pH 7.0 with weak sodium 
hydroxide and reseeded both with fresh 
settled sewage and with cells that had 
been grown on the original acetate in 


were 


order to determine the susceptibility of 
the residual material to further oxi- 
dation. After seeding of this filtrate, 


manometric measurements were made 


| 
|, 
| 
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for an additional 33 days until it was 
established that no BOD material was 
present. 

The results of these tests are pre- 
sented in Table IX and show that 
it was possible to obtain a good earbon- 
aceous Distribution of the 
original substrate was as follows: 72 


balance. 


to 78 per cent was oxidized biologically, 
yielding CO. plus H,0; 15 to 15 per 
cent converted to new cell protoplasm ; 
and 11 to 12 per cent remained in the 
final liquor in the form of biologically- 
unoxidizable organic material (residue 
COD). 

In addition to the BOD and COD 
results, an organic nitrogen analysis 
was made on the millipore filtrate in 
the 1,000-mg/] test. This filtrate eon- 
tained 8.0 mg/l] organie nitrogen, which 
represented approximately 7 per cent 
of the weight of the residual organie 
material. 


Discussion 


The oxygen demand values obtained 
from these are com- 
parable with preliminary results (1), 
and with of (12)(13). 
The amount of cellular yield is eom- 
parable with the generally accepted 
value of 8 to 15 per cent (14). 

Until recently, little attention has 
been given to the possibility of by- 
product formation during oxidation of 


investigations 


those others 
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products. Where their production has 
been recognized, it has been the tend- 
ency to label them as ‘‘humus.’’ 

It seems imperative to determine 
what this residual organic matter 
actually consists of, whether or not 
similar material is produced during 
oxidation of other substrates in BOD 
tests or in waste treatment processes, 
and to evaluate the possible danger of 
the persistence of low concentrations in 
streams receiving effluents containing 
the material. 


Summary and Conclusions 

A carbonaceous balance has been ob- 
tained subsequent to oxidation of 
1,000- and 10,000-meg 1 acetate in order 
to determine the gross distribution of 
the original substrate. The distribution 
was as follows: 72 to 78 per cent oxi- 
dized biologically to CO. plus H.O; 
13 to 15 per cent converted to new cell 
protoplasm; and 11 to 12 per cent re- 
maining in the final liquor (millipore 
filtrate) in the of biologically 
unoxidizable organie material. The 
concentration of organie nitrogen as- 
sociated with this residual COD repre- 
sented approximately 7 per cent of the 
weight of the material. 


form 
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CHIEF CHEMIST NEEDED IN WINNIPEG 


The Waterworks and Waste Disposal Division of The Metropolitan 
Greater Winnipeg (Manitoba Chief Chemist 
to head and organize a branch of the Division to be known as Re 


Corporation of needs a 
new 
search and Laboratory Control. 

The Chief Chemist will be 


with water supply and sewage disposal, quality of the 


responsible for research projects dealing 
water supply, 
quality control of sewage treatment facilities, analysis of industrial 
waste samples, river pollution control, odor control, and quality control 
of purchased materials. 

The applicant should be a graduate in chemistry or chemical engi- 
neering with post graduate experience in sanitary engineering, part of 
which should have been in a in research 
and/or operation of water supply and sewage treatment facilities. 

Liberal fringe included. Salary is open and will be com- 


mensurate with qualifications and experience. 


position of responsibility in 
benefits are 


Applications should be forwarded to: Personnel Manager, Personnel 
Dept., 10 Fort Street, Winnipeg 1, Manitoba. 
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IMPROVED DIGESTER PERFORMANCE 
THROUGH MIXING 


H. V. Myers, Jr. 


Original Sludge Digestion Operation 


The wastewater treatment plant in 
the City of Pontiac, Michigan, has two 
Prior to Dee. 1959 they 
were used in parallel when both were 
Both con- 
structed of reinforced conerete, are 75 
ft in diam and have 26-ft side walls 
with a 32-ft depth at the cone. Both 
have internal hot-water heating coils. 
The older of the two digesters is of 
the floating type and has no 
provision for mixing. For many years 
this the only one in 
operation and problems of high solids 
in the supernatant, unreliable gas pro- 
duction, and varying temperatures ex- 
isted. The other digester has a fixed 
cover and is now equipped with a gas 
recirculation unit. In Dee. 1959 after 
the gas recirculation unit was added 
the operation was changed to a two- 
stage digestion system. 


digesters. 


in operation. digesters, 


cover 


digester was 


Modifications 


The fixed cover digester is used as 
the primary. It has a rectangular gas 
collector 3 ft high by 3 ft wide across 
the the The fixed 
cover is supported by four econerete 


diameter of top. 
columns. 
These beams, which project into the 
sludge, increased the possibility for 
scum formation in these sections. 

A transfer sludge well was con- 
structed near the digester with piping 


beams resting on econerete 


af Sewage 


Myers, Jr., is Chemist, Department 
Treatment, Pontiac, Mich. This 
paper was presented at the 36th Annual Con- 
Vichigan and Industrial 
Wastes Assn., Lansing, Mich., May 31—June 


1961. 


ference, Sewage 


to draw sludge from the cone of the 
digester through a telescoping valve. 
From the well the sludge can flow, 
by gravity, to the second digester, the 
drying beds, or the lagoon. 

At the same time a gas recirculation 
unit was installed on top of the gas 
collector. The purpose of this unit 
was to aid in mixing the contents of 
the digester ; the following results were 
expected: (a) there would be little or 
no scum formation, ()) the raw sludge 
would be better mixed with the seed 
sludge, and (c) there would be a more 
effective heat transfer from the heating 
coils. 

The the mixing 
equipment was influenced by the physi- 
cal structure of the digester. By using 
multiple discharge points, so that each 
section of the digester could be mixed, 
it was believed that effective seum con- 
trol could be realized. The equipment 
consisted of a 150-cfm compressor, time 
clock-operated controls, nine gas wells, 
eight peripherally and one centrally 
located, all discharging at the 15-ft 
depth. The gas is collected, piped to 
a compressor, and delivered by means 
of an automatic sequence to eaeh 
peripheral well for selected time 
(usually 20 min). The center gas well 
is controlled manually. 


selection of gas 


Modified Sludge Digestion Operation 


The work on the primary digester 
was completed and put into operation 
in Dee. 1959. This was done by using 
seed sludge from the floating-cover 
digester. In a few days the digester 
began to produce gas and after a few 
more days all raw sludge was pumped 
to the primary digester and the float- 
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TABLE I.—Primary Digester Solids Data 


Date _ Solid \ Solids 
1960 
Jan. 29 10 Y 50 
26 
Feb. 3 10 a 
19 15 
Mar. 3 8 1.3 58 
| 13 1.3 12 
as 5 1.6 
10 2.0 
15 2.4 
20 
4 28 5.4 
July 18 9 1.3 60 
14 
19 LS 14 
24 1.6 13 
29 4 bb 
1961 
Jan. 16 10 5.3 53 
1d 5 5 5-4 
AS) 5S 5Y 


>. 1 
20 14 
25 1S 
30) 9.7 12 
4 9.9 10 
May 11 5 2.0 56 
10 5.6 56 
15 56 
20 10) 50 
25 17 


ing-cover digester became the second- 
ary digester. In Jan. 1960 the gas 
production dropped from 30,000 efd to 
6 to 8,000 cfd in the primary digester, 
while the total gas production dropped 
only slightly. After sampling, in the 
primary digester, it was found that 
there was a low solids content as shown 
in Table I. The solids were apparently 
settling to the bottom shortly after 
they entered and had no chance to 
digest before being transferred to the 
secondary digester. 
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Additional Changes 


The center gas well was lengthened 
to 28 ft and all peripheral wells to 21 
ft, but this did not seem to improve 
the solids distribution. Also, during 
this period, digested sludge was re- 
circulated and neither of these actions 
seemed to increase the solids concentra- 
tion. The removal of supernatant 
from the primary digester helped in- 
crease the solids concentration and the 
gas production rose. The removal of 
the clear supernatant from the pri- 
mary digester became a daily task in 
order to increase the solids concentra- 
tion. 

In Sept. and Oct. 1960 additional 
piping changes were made. The raw 
sludge application point was lowered, 
a supernatant overflow pipe was added, 
and another sludge withdrawal pipe 
was added. The digester was put back 
into operation and the resulting solids 
distribution was improved as is shown 
in Table I. 


Present Sludge Digestion Operation 


The present operation ean be de- 
scribed as follows: Raw sludge with 
approximately 4-to 5-per cent solids 
90-to 55-per cent volatile) is added 
to the primary digester Using the 
supernatant overflow, transfer sludge 
with 3-to f-per cent solids (45- to 50- 
per cent volatile) is withdrawn to the 
secondary digester whieh has a sludge 
drawoff at the cone nadir and super- 
natant drawoffs at various depths. 
Supernatant from the secondary di- 
gester has 0.2-to 0).4-per cent solids 
90-per cent volatile) and digested 
sludge has 8- to 9-per cent solids (35- 
to 45-per cent volatile). About 95 per 
cent of the eas is produced in the 
primary digester indicating that diges 
tion is essentially completed here. The 
per cent solids in the secondary super- 
natant has fallen sharply and the gas 
produced per pound of volatile solids 
is more consistent than found in the 
previous method. The loading of the 
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digesters is in the range of 40 to 50 
lb volatile per 1,000 eu ft of 
tank. The detention time is 25 to 30 
days. During 1960 the average tem- 
perature of the primary digester was 
85°F with a maximum of 96°F and a 
minimum of 78°F. When the primary 
digester was dewatered in Sept. 1960 
little evidenced. Samples 
taken in May 1961, after 7 months of 


solids 


scum Was 
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operation, show no significant seum 
formations. 


Summary 


It has been found that mixing of the 
digester contents has inhibited seum 
formation, improved heat transfer, and 
gives a stable digestion process at the 
loading rates and detention times cov- 
ered in this study. 
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THE SIGNIFICANCE OF TRACE ORGANICS 
IN WATER POLLUTION 


O. J. Sproul and D. W. 


There are many important reasons 
for real concern about trace organics 
in domestic water supplies. These pol- 
lutants manifest themselves in several 
ways. ‘Taste and odor problems asso- 
ciated with these organics in waters 
are well known. In addition, consum- 
ers may be exposed to undesirable 
physiological hazards from continued 
consumption of water with certain 
organie pollutants (1 The toxicity 
of certain organics to fish life has been 
well demonstrated. Various other un- 
desirable effects of organics in water 
can be noted, including among others, 
organic chemical fouling of ion ex- 
change resins, malodors produced in 
the beverage industry, and difficulties 
in metal plating baths 

Various sources of organic chemical 
pollutants have been discussed in a 
qualitative manner Industrial dis- 
charges from oil refineries and paint 
and varnish manufacturing, among 
others have been implicated in taste 
and odor problems in water supplies 
(2). Oi§l refinery effluents have been 
implicated as a source of carcinogenic 
chemicals when carbon filter adsorbates 
were tested on the skin of mice (3 
Decaying vegetation can give rise to 


taste and odor problems in waters. 
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Phenolic compounds have been re- 
ported to be present in tree leaf in- 
fusions (4). Odorous substances which 
may be readily detected at a very high 
dilution are contributed by certain 


microorganisms (5 


Objectives 


Specific information on the chemi- 
cal and biochemical characteristies of 
trace organic pollutants of domestic 
water supplies is very limited. Fur- 
ther, data on the physiological charac- 
teristics of these pollutants is also 
not available. 

This work was initiated to determine 
both the significant characteristies and 
origin of these organic pollutants. 
Data on the studies of these organies 
will be presented. These data will in- 
clude quantities of organics by souree, 
chemical and biochemical oxidation. 
and odor characteristies. 


Method of Study 


A consideration of organie chemical 
pollutants will show that there are four 
veneral sources of pollutants : (a) in- 
dustrial wastes, domestie sewage, 
¢) natural runoff, and (d) compounds 
produced by microorganisms. The sam- 
pling program included all of these 
sources. Samples were taken from a 
river above, below, and at a distant 
site from a large metropolitan area. 
Natural organics were obtained by 
sampling a stream tributary to the 
above river which had no_ pollution 
entering it except that from agrieul- 
tural runoff and decaying vegetation. 
The domestic sewage sample was ob- 
tained from a site which had only 
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ORGANIC POLLUTANTS 


BYPASS RE.TURN 


VALVE 


COMPOSITING 
BARREL 


CARBON 
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| WATER | 


TO METER 
WASTE 


FIGURE 1.—Layout for wastewater sampling. 


domestic wastes from 


dwellings tributary to it. 


single family 


Sampling Procedures 


The industrial samples were ob- 
tained from representative industrial 
effluents. Considerations made in the 
selection of the industries were as fol- 
lows: (a) prior work indicated an 
organie pollution problem associated 
with the industry, (b) wastes were of 
possible physiological significance, and 
(c) a spectrum of industrial contami- 
nation was desired. An industry usu- 
ally thought of as an inorganic one 
was included for comparative pur- 
The types of industrial efflu- 
ents sampled were brewery, chemical. 
corn refining, packing, metal 
fabrication, paint, pharmaceutical, re- 
finery, and soap. 

The diversity of the pharmaceutical 
and chemical industries from one plant 
to another should be considered in the 
interpretation of the results. 

The pollutants were cap- 
tured from the water being sampled by 


poses. 


meat 


organic 


the earbon filter technique (6). Car- 
bon filters of 1.3- and 2.0-cu ft capacity 
were used in these studies. 

The physical setup generally used 
for the industrial and domestic waste 
samples is shown in Figure 1. The 
waste was placed in the compositing 
barrel as it collected. When a 
sufficiently large volume had been ecol- 
lected, the pump was started and the 
by-pass valves regulated so that a 
satisfactory rate of flow through the 
carbon was obtained. 
flow was returned 
was then reeyeled. The water after 
flowing through the carbon. whieh 
removed the organic pollutants, was 
then wasted to the sewer. The sam- 
sling program for the corn refining 
industry was such as to obviate the 


was 


The by-passed 
to the barrel and 


use of the barrel and the pump. Here, 
the influent filter with 
the regulating valves as shown was 


to the carbon 


piped directly from the pressure dis- 
The pressure in the 
sewer was used to push the waste 
through the The sampling 


charge sewers. 


earbon. 


Vol. 33, No. 11 1189 
4 
| 
VALVE A 
A 
. 
or 


1190 


program at the metal fabrication in 
dustry was such that the suction side 
of the pump was placed directly in the 
waste stream and the proper flow ob- 
tained by regulating the valves. 

The samples taken from each indus- 
trial and domestic waste source were 
composited throughout a normal day 
so as to obtain organics which would 
be typieal of that site. The flows 
throughout the first day were gaged 
either by weirs, current meters, or in- 
plant recording meters on the discharge 
sewers. The second day flows were 
again gaged and the samples taken at 
each interval were then composited ac- 
cording to the previously measured 
flow. 

The pH of all samples taken was 
adjusted where required to gve a pH 
which fell in the range 7.0 to 7.5 since 
it has been shown that activated car- 
bon adsorptive efficiencies have re- 
duced values at a pH of 8.5 or higher 
(7). Where the pH of the sample was 
in this range or was lower, no adjust- 
ment was made. The rate of flow 
through the carbon filter was adjusted 
to about one gallon per minute for the 
more polluted samples and up to four 
gallons per minute for the less pol- 
luted. 

The organic pollutants were ad- 
sorbed from the river and stream sam- 
ples in a similar way. The flow 
through the filter was such as to pro- 
duce a rate of 2,500 to 4,000 gpd_/eu ft 
in the filter. The carbon was changed 
weekly. A sand filter was placed 
ahead of the carbon filter to remove 
heavier sand particles. A_pre-sedi- 
mentation tank was installed ahead of 
the sand filter at the river site above 
the metropolitan area. This tank was 
a 55-gal barrel and gave a sufficient 
detention period so as to allow a more 
reasonable length of time between back- 
washing of the sand filter. The ap- 
paratus at the river and stream sites 
consisted of a closed system and all 
units making up these installations 
were under pressure when operating. 
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Sample Processing 


The carbon after removal from the 
filter was processed to elute the ad- 
sorbed organics. The carbon was first 
dried (below 45°C) to remove the 
moisture and then eluted with suitable 
solvents. The solvents were then re- 
moved and the organic pollutants dried 
with a stream of air below the boiling 
points of the solvents and the organics 
weighed. 

A solvent system was selected which 
would elute from the carbon filter the 
major portion of the adsorbed organ- 
ies. Chloroform and ethyl alcohol 
were selected for the extraction pro- 
cedure. These were selected since they 
have been shown, of the usually used 
solvents, to remove the major part of 
the adsorbed organic material (6). An 
initial separation of materials during 
the extraction was obtained by first 
extracting with the chloroform, drying 
the carbon, and then extracting again 
with the aleohol. This allowed an 
initial separation of the materials into 
the more odorous fraction by the 
chloroform and a less odorous, more 
polar fraction, by the aleohol (6). Ad- 
ditional considerations also indicated 
the use of this system since it has been 
reported that fresh pollution gives rise 
to an initially higher chloroform frac- 
tion (8). Physiological studies should 
be made so as to evaluate synergistic 
effects of the total organic extract. 
The combined chloroform and alcohol 
extracts were used in these studies to 
represent the total organic fraction. 

The degree of importance of any 
particular source of organic pollution 
should be related to its ability to give 
rise to undesirable conditions at the 
point where water containing the 
wastes from the souree will be used. 
This is directly related to the ability 
of the stream to assimilate the organics 
and render them innocuous. Simulated 
stream condition studies were made in 
the laboratory using the two bottle 
single-stage dilution technique and a 
d-mg/1 solution of organies (9). Oxy- 
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gen determinations were made daily. 
Nitrite determinations were made to 
determine the point at which nitrifica- 
tion started and to assure that BOD 
values obtained were due only to oxi- 
dation of materials. 
Chemical oxidation demand data, to 
obtain a measure of the extent of bio- 
logical oxidation, were obtained by the 
dichromate refiux method (10). 

The ability of these trace organic 


carbonaceous 


chemicals to create odor problems was 
measured by the threshold odor deter- 
mination (10). Determinations were 
made on both the unaltered organics 
and on the organies which had been 
degraded biologically by the simulated 
stream conditions. The concentrations 
at which was first detectable in 
the samples after addition of the sew- 
age seed were determined at the start 
of oxidation. 
samples after 


odor 


The odor of the same 
10 days of incubation 
were determined so that a before and 


after comparison of detectable odor 
concentration could be made. Odor 
data were determined on the blank 


used in the BOD test to allow an eval- 
uation of the contributory effect of the 
added The changes in 
odors were compared by obtaining the 
per cent change of the detectable odor 
concentrations during the ineubation 
period. This was computed by divid- 
ing the difference between the begin- 
ning and ending detectable odor con- 
centrations by the smaller of the two 
values. 


sewage seed. 


Results and Discussion 


Concentration of Pollutants 


The concentration of extractable or- 
vanic material from each of the sources 
sampled is presented in Table I. The 
concentrations from the lowest to the 
highest varied by factors of 414 for the 
chloroform fraction, 77 for the aleohol 
fraction, and 85 for the total fraction. 
Of the industrial samples the soap 
sample yielded the greatest quantity 
of total organies and the corn refining 
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TABLE I.—Concentration of Organic 


Pollutants 
| Chloro- 
(mg/l) | 1) 

Industry 
Brewery 11 | 110 120 
Chemical 300 140 440 
Corn refining 1.4 6.0 7.4 
Meat packing 110 | 400 | 510 
Metal fabrication 2.5 | 5&2 7.7 
Paint 98 
Pharmaceutical 3.0 | 7.6 
Refinery 66 320 390 
Soap 580 | 52 630 
Domestic 16 | 48 oO4 

River 
Above city O.11 | 0.28 | 0.39 
Below city 0.12 0.33 | 0.45 
Distant from city 0.062 | 0.23 | 0.29 
Unpolluted stream 0.098 | 0.23 | 0.33 


sample the least. Only the soap and 
chemical samples had chloroform ex- 
tract concentrations greater than the 
alcohol extracts. The inorganic indus- 
try represented by the metal fabriea- 
tion sample had a significant amount 
of extractable material in its waste. In 
the assessment of the relative contri- 
bution which any industry makes to 
the over-all organic chemical pollution 
load the amount of material which 
inorganic industries contribute should 
be considered. 

The river and unpolluted stream 
samples all contained significant 
amounts of both chloroform and _ al- 
cohol extractable fractions. In regard 
to the river samples the site directly 
below the metropolitan area had the 
largest quantity of recovered material. 
The site above this metropolitan area 
had only about 13 per cent less total 
extractable material which was indica- 
tive of pollution of the river above this 
area. The ability of the river to re- 
extractable material was indi- 
cated by the lower concentration of 
total organics at the site distant from 
the metropolitan area. The total or- 
ganic load here was only 64 per cent of 
what it was just below the area. Chlo- 
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roform and alcohol fractions 


both 
showed a decrease at the distant site, 
The unpolluted stream contributed a 
significant quantity of extractable ma- 
terial. The chloroform 
soluble material approached that above 


quantity of 


and below the metropolitan area but 


the alcohol fraction was less 
Detectabl: 

The 
of the samples are 


If. None ot the 


to be odor free 


Odor Concent) tlion 


detectable odor concentrations 
presented in Table 
samples were found 
Among the industrial 
the 
ery samples had the 
greatest potential for 


and domestic chloroform 


chemical and refin 


extracts 
The most 
odorous of the chloroform soluble ex- 
tracts was 228 times as odorous as the 
least, while the ratio for the total or- 
gani¢s was 128. [n all 
in Table IT, the « 
roform extracts to 


Cases, aS seen 
mcentrations of echlo- 
produce deteetable 


odors were less than those for the total 


extracts. This contirms the fact that 
the chloroform fraction contains the 
major taste and odor causine com- 


pounds and thus are referred to as 


having the greatest odor potential 
TABLE II.—-Odor Potential of Organic 
Pollutants 
Concentr R hire 
De al Odor 
‘ Potal 
Or Organics 
ppb 
Industry 
Brewers 770 1,400 
Chemica! 28 
Corn refining 1.000 600 
Meat packing 1,200 +600 
Metal fabricatio: 1.600 
Paint 00) 1,000 
Pharmaceut i: 200) 340 
Refinery 84 510 
Soap GOD 1.800 
Domestic 590 1,800 
River 
Above city 200 90 
Below city 220 oO 
Distant from vi is 110 
Unpolluted strean 220) 0) 
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The domestic waste was somewhere 
between the most and the least odorous 
of the waste samples, 

The odor panel members associated 
the odors with the industry for such 
chemical, and 


This was especially 


samples as the brewery, 
refinery organics 


noted for those panel members who 
could deteet the odor at hivher dilu- 
tions. For many of the other oreanic 


samples the panel members did not 
associate the odor with the correspond- 
ing industry. 

The river and stream extracts 
erally had a higher potential 
weight of 


ven 
per unit 
extract) for causing 
than the waste samples. 


odor 
The major 
exception to this was the chemical in- 
dustry. Above the metropolitan area 
the total organie extract was definitely 
more the 
This may be caused by SVn- 
ergistic effects between the 


odorous than 


chloroform 
traction 
chloroform 
and alcohol fractions. 

The unpolluted stream 
fraction had about the 
for odor 


chloroform 
Same potential 
per unit weight of extract) 
as the river organics above and below 
the metropolitan area, whereas the total 
organic odor was definitely higher for 
the unpolluted stream. This difference 
may be attributed to several things. 
It may be caused by the industrial and 
domestic pollution present in the river. 
alteration of the natural oreanies into 
more odorous compounds in the river. 
or a combination of both 

The greatest potential for odor among 
the river sample extract oceurred at 
the site distant from the metropolitan 
Per unit weight of extract. the 
chloroform fraction showed a fivefold 


Mnerease 


area 
in ability to cause odor at the 
that at the 
The same comparison 


downstream station over 
upstream ports 
on the total organie fractions showed 
an inerease of about twofold. The al 
teration of the organie fractions while 
owing down the river inereased their 
vapacity to cause odor on a unit weight 


basis 


The dilution required to reduee the 
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TABLE III. 
Barely Perceptible Level 


Dilution Factor 
Chloroform 


Soluble 
Organics 


Total 
Organies 


Industry 


Brewery 
Chemical 11,000 14,000 
Corn refining 1.4 2.1 
Meat packing 92 140 
Metal fabrication 2.8 4.8 
Paint 69 OS 
Pharmaceutical 10 32 
Refinery TSO 760 
Soap H40 350 
Domestic 27 36 
River 
Above city 2.0 
Below city 2.4 
Distant from city 3 2.6 


Unpolluted stream 


odor to a level at which it was just 
in Table ILI. The 
dilution factors shown, which are fune- 
tions of both the quantity of the odor 
causing material and its ability to 
cause odor, were obtained from data in 
Tables I and II. 

Among the waste samples shown in 
Table IIIf, the highest dilution faetor 
was 7.900 times as high as the lowest 
for the chloroform fraetion and 6,700 
times for the total 
portance of 


detectable is shown 


The im- 
corrective measures to re- 
indicated for 
those industries which are large con- 
sumers of water and which have high 
dilution requirements. 

The considering the 
total rather than the chloro- 
form fraction alone was indicated for 
all wastes 
This 


larger 


fraction. 


duce odor potential is 


importance of 
fraction 
except the soap industry. 
because of the generally 
aleohol-soluble 
than chloroform-soluble material. 

[t may be seen from Table IIT that 
dilution factors of 2.0 to 2.6 were ob- 
tained for the river water samples. 
Thus, if such river sites are to be used 
as a source of domestie water, difficul- 
ties with odor problems might be pre- 


Was 


quantities of 
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dieted since dilution was indicated as 
necessary to overcome the odor in the 
river water at these sources. 


Oxygen Demand 


The chemical oxygen demands of the 
extracted organics are presented in Ta- 
ble IV. The COD of all the chloro- 
form extracts were generally of the 
same order of magnitude. The lower 
COD in the unpolluted stream chloro- 
form fraction may have been caused 
by complex compounds which were 
more resistant to oxidation by this test. 
The alcohol fraction COD’s were sig- 
nificantly less than those of the chloro- 
form fractions. The values for the 
aleohol extractables show less similar- 
itv than the chloroform extractables. 

Microchemical analysis of the river 
and unpolluted stream alcohol frac- 
tions revealed contents in these 
samples of from 11 to 20 times those of 
the chloroform fractions. The carbon 
and hydrogen in the alcohol fractions 
were significantly less than the chloro- 
form fractions. The higher ash and 
correspondingly lower carbon and hy- 
drogen is one explanation for the lower 


ash 


TABLE IV.—-Chemical Oxygen Demand of 


Organic Pollutants 


| 
| Measured COD of | 'COD of 


5-mg/l1 Solution 5-mg/l 
Solution 
| (mg/1) | (mg/l) 
Industry 
Brewery 12.0 453 | 5.20 
Chemical | 8.26 4.40 7.04 
Corn refining =| 10.7 1.85 5.96 
Meat packing | 12.9 1.16 3.69 
Metalfabrication, 12.0 2.56 5.63 
Paint | 10.0 7.45 
Pharmaceutical 11.4 2.27 4.85 
Refinery / 12.0 | 1.47 3.27 
Soap | 12.9 $64 | 12.2 
Domestic 10.3 | 2.05 | 4.12 
River 
Above city | 990 6.35 | 7.34 
Below city | 9.21 | 481 |; 5.98 
Distant fromeity} 11.3 | 6.14 | 7.26 
Unpolluted stream | 7.83 | 4.93 5.80 
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COD values obtained on alcohol frae- 


tions. 
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sented in Figures 2 and 3. 


logical oxidation of the samples is pre- 


The na- 


A graphical presentation of the bio- ture of the utilization of oxygen in 


UTILIZED mg/l 
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FIGURE 2.—BOD progression of chloroform-soluble organics. 
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FIGURE 3.—BOD progression of total organics. 


substrates of both the 


fractions. 


5 mg/l extract material, 
as indicated by the shape of the curves 
in both the chloroform and total frae- 
tions, was essentially the same for each 
particular 


chloroform and total organic 

There was no pronounced 
lag period in oxygen utilization indi- 
cating that an initial acclimatizing pe- 
riod was not required before oxidation 


sample. Exeeptions were 


the chemieal, 
metropolitan 


river samples below the 
and unpolluted 
stream samples which showed a marked 
resistance to biological degradation in 


area, 


of the organics. 


The curves for corn refining, metal 
fabrication, refinery, and the river 


sample above the metropolitan area 
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showed some acclimatizing to second- 
ary oxidation products. This is indi- 
cated in both figures by decreases in 
the slopes of the curves and then sub 
sequent increases in the slopes. In 
lesser degree this same acclimatizing 
was also displayed by the soap, meat 
packing, and domestic waste chloro- 
form extracts in Figure 2 and the soap 
total organic fraction in Figure 3. 
Information on the oxidation of the 
samples was obtained for a 20-day pe- 
riod. No 


oxidation of the carbonaceous portion 


significant increase in the 
of the organics was observed after 10 
days. All of the samples showed ni- 
trification between 10 and 20 days. 

A comparison of the BOD 
and the corresponding COD for each 
The 


samples and some 


o-day 


sample is presented in Table V. 
river and 
waste samples were resistant to bio- 
logical degradation (BOD less than 15 
per cent of COD Of the 
organics only the domestic, meat pack- 


stream 


chloroform 


ing, paint, and soap samples were suf- 
ficiently oxidized biologically to class 
them as easily oxidizable materials. In 
the total only the 


organic fraction 


brewery, paint, and soap samples show 


ease of oxidation. The corn refining, 


TABLE V. 


Industry 
Brewery 
Chemica! 
Corn refining 
Meat packing 
Metal fabricatior 
Paint 
Pharmaceutic il 
Refinery 
Soap 

Domesti: 

River 
Above city 
Below city 
Distant from city 

Unpolluted stream 
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meat packing, and domestic total or- 
ganics were oxidized biologically to an 
intermediate degree. 

Certain samples exhibited a greater 
and others a lesser degree of oxidation 
when the and total frae 
tions are compared. The brewery, 
and metal fabrication 
total fractions underwent significantly 
The meat 
packing and domestic samples were not 
oxidized total 
fraction. A higher total organic frac- 
indicate the fol- 


chloroform 


corn refining, 


higher degrees of oxidation. 
as extensively in the 


tion oxidation may 


lowing: 


1. A greater percentage of the alco- 
hol fraction was more readily available 
than the 


for biological oxidation 


chloroform soluble 


2. Synergistic effects. 


The threshold 
by biological oxidation is presented in 
Tables VI VII. Evaluation of 
this data requires consideration of the 


change in the odor 


and 


effect of the sewage seed on the odor 
change. The control samples contain- 
ing sewage blank inereased in 
odor during the incubation. The effects 
of the sewage seed on the odor changs 


seed 


of any sample. however. is comparabl 


Biochemical Oxidation of Organic Pollutants 


Potal Orgar 


5-day BOD of 


Solution 


BOD as 
of COD 


meg 


‘ 
2 
rd ; 
Chloroform Soluble ics 

-day BOD of | 
| Sday BOD of | ; 
-mg/1 Solution | of COD 
mg/i 
3.90 32 2.92 56 
0.10 0.15 2 
| 997 21 9 
| 2.00 ov 
7.47 58 1.48 10) 
ee 2.28 19 1.42 25 
} 5.87 59 140 50 
poe 2.76 24 1.05 22 
L.67 14 0.44 13 
8.34 65 } 8.05 66 
5.84 56 1.78 | 13 
£35 14 1.13 15 
0.37 0.20 3 
imp 0.16 l 0.14 2 
| av ! 
oe 0.12 2 0.37 | 6 
= 
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TABLE VI.—Odor Change by Simulated Biological Stream Conditions 


Detectable Odor Concen Detectable Odor Concen Change in D.O.C.* as 

tration Before Incubation tration After 10 Days % of Smaller D.O.C, 

(5 mg/l of Sample) Incubation (+ is increase in odor, 
(ppb) (ppb) — is decrease) 


Sample 


Chloroform Total Chloroform Total Chloroform Total 
Soluble Organics | Soluble Organics Soluble Organics 


Blank 2,200 ; } 900 +140 
Glucose (5 mg/l 3,000 400 +110 


Industry 
Brewery | 710 1,200 90 | 940 | -32 | +28 
Chemical 98 | 9.8 17 | 26 -73 | —160 
Corn refining | 180 540 360 620 —100 —15 
Meat packing 170 940 710 | 620 | -51 | +652 
Metal fabrication | 170 470 470 | 1,200 | 0 | —150 
Paint 120 710 820 | 90 | -580 | —32 
Pharmaceutical 240 | 710 310 | 620 —29 | +15 
Refinery | 78 470 100 | 360 | —28 | +31 
Soap | 2,500 | 1,800 2,200 620 +14 | +190 

Domestic 200 | 470 940 | 360 -370 +31 


* Detectable Odor Concentration. 


to the effects of a natural water course odor. The total fraction indicated less 
on the sample and thus this test pro- similarity in odor change. Six of the 
cedure measures what is desired. 10 waste samples increased and the 
The odor may either increase or de- rest decreased in odor. 
crease during biological oxidation. All 
of the chloroform soluble organies ex- 
hibited a decrease in the odor potential 
except the soap sample, which had a 1. The carbon filter technique with 
minor increase. The paint and do- pH adjustment of the waste was used 
mestic sewage chloroform fractions successfully to extract organic pollut- 
had significant decreases in potential ants from liquid wastes. 


Conclusions 


TABLE VII. 


Odor Change by Simulated Biological Stream Conditions 


Detectable Odor Concen Detectable Odor Concen Change in D.O.C.* as 

tration Before Incubation tration After 10 Days % of Smaller D.O.C. 

(5 mg/l of Sample) Incubation (+ is increase in odor, 
(ppb) (ppb) — is decrease) 


Sample 


Chloroform Total | Chloroform Total Chloroform Total 
Soluble Organics Soluble Organics | Soluble Organics 


. Blank | 2,200 900 +140 
Glucose (5 mg/1 3,000 1,400 +110 


River 


Above city 310 160 710 1,100 —130 —590 
Below city 310 830 550 1,100 —77 —34 
Distant below city | 410 68 410 470 0 —590 
Unpolluted stream 230 110 240 820 —4 — 100 


* Detectable Odor Concentration. 
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2. All of the 
a significant amount 
7.4 to 630 me’! of total 
chloroform- and alcohol-soluble extract- 
able material. The alcohol 
the waste sample was generally greater 
than the chloroform fraction. 

3. Biological 


sources sampled yielded 
ranging from 


organics) of 


fraction of 


degradation occurred 


in varying degrees (ranging from 2 to 
66 per cent of measured COD) in all 
samples. The chemical, refinery, river, 
and unpolluted stream samples showed 
the greatest resistance to biological oxi- 
dation. 

4. All organics extracted had a sig- 
nificant odor potential. The dilution 
required to give a minimum percepti- 
ble odor varied from 2 to 14,000 fold. 

5. Odor potential per unit weight of 
extracted material of the total organie 
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fraction may be either increased or 


decreased by biological oxidation in 
streams, depending on the particular 


type of organics. 
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EXPERIENCES IN CLEANING 
THE HYPERION SLUDGE 
OUTFALL PIPE 


J. A. Frank 


Outfall Line Construction 

The Hyperion Sewage Treatment 
Plant is located in El Segundo, Califor- 
nia, on the eastern shore of the Bay of 
Santa Monica and the effluent for both 
sludge and treated wastewater empties 
into this large bay. 

Extensive research work was done 
before deciding to use the Bay of Santa 
Monica, both from the standpoint of 
technical studies of underwater ecur- 
rents and from such factors as disper- 
sion, dilution, and current direction. 
The report to the California State Pol- 
lution Commission recommended that, 
where ocean outfalls are used, effluents 
should be discharged in deep water a 
long distance from the shore line. 

Accordingly, the sludge line was de- 
signed to be more than 7 miles long 
with the discharge approximately 312 
ft deep. The treated wastewater out- 
fall was slightly longer than 5 miles 
and discharged at a depth of 200 ft 
through diffusers. The entire shore 
line to the east of both outfalls is 
dotted with resort towns and it was im- 
portant that the beaches be protected 
in both the aesthetic and public health 
sense. 

The sludge line itself was constructed 
of a 22-in. OD steel pipe, having a wall 
thickness of %, in. with a \%-in. cement- 
mortar lining. The exterior was cov- 
ered with two layers of fiber glass 
wrap, each with a spray coat of coal tar 


J. A. Frank is president of the National 
Water Main Cleaning Co., New York, N. Y. 

This paper was presented at the Spring 
Meeting of the New York Water Pollution 
Control Association, Rochester, N. Y., June 
12, 1961. 


enamel. There was a final wrap of pa- 
per felt, again with a sprayed coal tar 
enamel coat. Approximately 2% in. of 
aggregate was added to the pipe exte- 
rior to produce a negative bouyancy of 
approximately 40 Ib, ft. 

This pipe was delivered to the beach 
and then welded to produce a pulling 
length of approximately 600 ft. Since 
the interior cement mortar lining had 
been cut back 6 in. on each length, a 
special machine lined the 12-in. space 
at each weld to produce a smooth con- 
tinuous bore for the entire 600 ft. work- 
ing length. 

The method of installation was to use 
the comparatively new pulling teeh- 
nique. A bulkhead and sled were at- 
tached to the leading end. Using an 
offshore winch barge, 600 ft were 
pulled, the pulling suspended, the next 
600 ft rolled into position and an epoxy 
resin joint piece fastened to the interior 
of the leading pipe and the following 
length by means of a plastic adhesive, 
the joint welded, the exterior wrapped 
and coated, and then the pulling re- 
sumed until the entire outfall had been 
pulled into its final position. 

The heading for the line is close to 
west, which puts the outfall a max- 
imum distance from the shore line. 
The line was pressure tested and then 
the bulkhead was blown off the end of 
the line. 


Coefficient Reduction 


After the line was put in service dur- 
ing the summer of 1958, the line was 
carefully tested to establish the friction 
coefficient and it was found to be 
slightly more than 145. Continuous 
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checks revealed that in December 1958, 
the coefficient had fallen from higher 
than 145 to approximately 115 and was 
continuing to drop. Plans were made 
so that this line could be cleaned in the 
late summer of 1959. 


Line Testing 


It was decided to put a ‘“‘prover’’ 
through the lines to make sure that 
there were no obstructions and to as- 
sure clear passage of the cleaner. 

The ‘‘prover’’ is a spool-like device 
so made and dimensioned that if it 
passes through the pipe, then the 
chances of the cleaner sticking will be 
reduced when going through bends, 
fittings, ete. 

Further, the ‘‘prover,’’ if it has to 
squeeze through an obstruction or an 
out-of-round section, will be marked 
and it will be known that there is a 
likelihood of the cleaner itself having 
trouble going through the section. 
Finally, it is so made that if it does 
stick, it is possible to destroy it and 
have it wash out of the line. This will 
leave the line open, but the obstruction 
or difficult section could be located 
prior to destruction. The prover was 
to carry the locating devices that would 
also be used in the cleaner, namely a 
*‘knocker’’ and an oscillator. The rea- 
son for using both audio frequency and 
radio frequency devices was that the 
radio frequency device will not fune 
tion under water but the audio fre- 
quency device or ‘‘knocker’’ can be Jo- 
cated by means of underwater micro- 
phones connected to surface amplifiers. 
The radio transmitter was employed so 
that the cleanine devices could be lo- 
cated, when floating, by means of a 
directional antenna. 

In September 1959, the preliminary 
work started. Anchors were placed on 
the line at half-mile intervals so that 
with buoys it would be possible to slide 
the underwater microphone down the 
anchor lines and the prover could be 
located in the outfall, 

At ranges greater than 2% miles, it 
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was difficult to triangulate, and under- 
water television was employed to locate 
the anchors on the pipe line. 

In order to find the buoys rapidly 
while following the prover, a_ short 
mast with a perforated metal box at 
the top, painted orange, was employed. 
This made it possible to find it by 
radar if it was impossible to do so 
visually. 


Cleaner Design 


Since it is almost impossible for a 
diver to work in 312 ft of water, the 
prover and the cleaner were designed 
with aluminum pontoons so that when 
they emerged from the outfall, they 
would float to the surface. In order to 
resist the crushing foree of the water 
pressure at this depth, the pontoons 
were inflated with an air pressure of 
135 psi. 

At the pump station there were bends 
and fittings, including Y branches, that 
the prover and cleaner must negotiate. 
An actual check revealed that the ID 
and the radii of these bends and fittings 
were non-standard and it was necessary 
to revise the cleaner design and shorten 
the pontoons. 


Cleaning Operation 


The prover, equipped with the 
knocker and the oscillator, was inserted 
in the pipe. After passing the prover 
through the fittings into the main out- 
fall, the equipment was put aboard the 
boat and the recovery crew stood by 
offshore. The sludge pumps were 
started by remote control and two-way 
radio liaison was maintained with shore 
crews who relayed pressure and quan- 
tity readings every 15 min. Since the 
prover itself did some cleaning during 
its passage, the pumping head dropped 
and the quantities inereased. The 
prover was followed through various 
listening points and because the quan- 
tity being pumped was rising, the 
velocity of the prover was also inecreas- 
ing. At this time the problems of 
maintaining the boat in position at 
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each buoy became more difficult and 
the crew proceeded directly to the out- 
fall terminal. 

The heading of the signal obtained 
on the directional antenna showed the 
prover to be out of the line and some 
distance away. This was not credited 
and the crew continued to wait for the 
prover to rise to the surface. At night- 
fall the waiting was given up and the 
boat returned to shore. 

The following day, because it was 
thought that possibly the prover had 
emerged and was lodged under debris 
the underwater television was used in 
an attempt to learn whether the prover 
was close to the submerged outfall. 
Heavy seas precluded this attempt in 
midafternoon. 


Prover Recovery 


The next morning, while en route to 
the outfall, broadcasting on the fisher- 
man’s frequency, a reward for finding 
the prover was offered. At approxi- 
mately 11:50 that morning a message 
was received from the shore crew that 
the prover was at the Venice, Califor- 
nia, police station. 

It was learned that the prover had 
emerged from the pipe and floated to 
the surface at least % hr earlier than 
expected. A favorable wind had taken 
it ashore and at 11:30 pm a student 
walking on the beach had discovered 
it. A group of students dragged it out 
of the water. 

The next morning the knocker was 
still operating and fearing that there 
was a bomb attached to this diabolical 
device, they notified the Venice police. 
The Venice police notified the Los 
Angeles police bomb squad who came 
to the scene and ‘‘disarmed’’ the bomb. 

Since the prover was not marked or 
damaged in any way, it was placed 
back in use. However, before this, ap- 
propriate identification was painted 
on it. 

As the specific gravity of the liquid 
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being pumped through the sludge line 
is less than that of sea water, careful 
weighting of the prover and also the 
cleaner was done in order to insure that 
they would have only a slight positive 
buoyancy and to insure that the de- 
vices would not wear themselves out 
on the roof of the pipe during the trip 
through the line. 

The cleaner was made of a forward 
piston followed by an element carrying 
split rattan plastic-processed brooms, 
followed by an element of rubber duck 
squeegees, followed by a rear piston. 
There were three pontoons with artic- 
ulation between each to allow the 
cleaner to negotiate the bends, Y 
branches, fittings, ete. 

On the day when the actual cleaning 
was done, after some difficulty in nego- 
tiating a Y branch, the same opera- 
tional procedure was set up on the 
boat. Again two-way radio liaison was 
established with the shore to send pres- 
sure and quantity measurements every 
15 min. Again, the pressures decreased 
and the quantities increased. 


Results 

Because of the experiences with the 
prover it was decided to proceed to a 
point over the outfall, arriving there 
1, hr earlier than the cleaner could ar- 
rive even with maximum velocity in 
the line. The cleaner was soon afloat 
and it was hoisted aboard and found 
to be in excellent condition. A friction 
factor in excess of 135 was measured 
after the cleaning process. 
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TURBINE MIXER AERATION IN AN 
ACTIVATED SLUDGE PLANT 


This is a report on the performance 
of a sparged turbine mixer aeration 
system installed in an activated sludge 
plant after intensive 
studies in earlier pilot plant work (1 


suceesstul and 
Sustained plant operation results have 
demonstrated the ability to handle 
loadings up to 550 lb of applied BOD 
day/1,000 cu ft of aeration tank vol- 
ume with 75- to BOD 
reduction. Air requirements have aver- 
aged 220 eu ft of air/lb applied BOD. 
Total including 
both mixer and 
power have ranged from 0.35 to 0.45 
kwhr/lb of BOD removed. Plant per- 
formance has fully confirmed the re- 
sults obtained in the pilot plant. 


85-per cent 


power requirements 


air mpressor horse- 


History 
The Abbott 


wastewaters were previously treated in 
a conventional activated sludge plant 
in which the 
equipped with hydraulic ejectors for 
air diffusion. 
dissolved oxygen would become a limit- 


Laboratories process 


aeration tanks were 


It became apparent that 


ing factor as the organie load to the 
treatment plant 
aeration capacity of the aeration equip- 
ment had not 
hydraulic ejectors tended to foul and 


increased. Reserve 


been realized since the 
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could not be kept at peak efficiency 
without repeated cleanings. 

To maintain the 
ment facilities 
company growth 


treat- 
continuing 
finding 
aeration in 
existing tankage or building additional 
tanks of conventional design. Intensive 
pilot plant studies were conducted from 
June to Dee. 1957 to 
most effective means of inereasine the 
treatment efficiency and capacity of 


the existing facilities. 


wastewater 
ahead of 
necessitated 


an improved method of 


determine the 


Based on the 
through 
the use of a sparged turbine mixer 
aeration system in the pilot plant, it 
decided to 
plant aeration equipment with sparged 
turbine mixers. 


encouraging results obtained 


was replace the existing 


Design and Installation 


Optimum plant 
had been obtained when the mixer in- 
put was 0.8 hp/1,000 gal of aeration 
tank volume with 200 eu ft * of air per 
pound of BOD applied. Extrapolation 
to the main plant indicated that 260 
hp would be required to maintain the 
same power input in a basin of 330,000- 
gal capacity. 


pilot performance 


The combination of im- 
peller speed and diameter was designed 
to draw 90 per cent of rated full load 
mixer motor current. This would then 
allow for continuous operation under 
varying conditions of liquid viscosity 
and mixed liquor solids concentration. 
Therefore, a total of 300 mixer hp was 
selected to operate at 90-per cent input. 
This was felt to be conservative since 
the main plant would operate with a 
1214-ft liquid depth whereas the pilot 
plant operated with an 8-ft liquid 


*Standard conditions. 
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FIGURE 1.—Mixer and compartment arrangement. 


depth. An increase in oxygen transfer 
efficiency was anticipated with the in- 
ereased depth. 

Mixer sizing was reduced to a selee- 


tion between six 50- and three 100-hp 


models. 
formance 
selection. 


Equal oxygen transfer per- 
was expected from either 
An economic evaluation of 
the two sizes indicated that the six 50- 
hp mixers would provide a slightly 
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FIGURE 2.—Typical mixer arrangement. 


Vol. 33, No. 11] 1203 
4 
EQUALIZATION TANK 
* 
| GATE | i 
|] 
' 
wo 
: i 
| 
; 
« 
Ji] 
== 
| 
22 | | 


lower installed cost. However, this size 
was selected primarily because it was 
felt that greater flexibility and effi- 
ciency of operation would be obtained. 
Failure of a 100-hp mixer would rep- 
resent a loss of 33 per cent of oxygen 
transfer capacity whereas failure of a 
50-hp mixer would only represent a 
capacity loss of 17 per cent The 
smaller mixers would also provide more 
flexible control in periods of excess 
dissolved oxygen or foaming when it 
might become advantageous to stop one 
or more of the mixers. 

Six 50-hp turbine mixers were there- 
fore purchased 

Aeration facilities in the main plant 
consisted of two identical 330,000-gal 
aeration tanks. Provisions were made 
in March 1958 to bypass one of the 
tanks by sending all the raw waste to 
the remaining aeration tank. The idle 
tank was then drained and flushed. 
Construction work began immediately 
with the removal of the hydraulic 
ejectors and associated piping Two 
conerete compartment walls were 
poured which divided the aeration tank 
into three identical compartments each 
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36 ft long by 32 ft wide with a 12%4- 
ft liquid depth The compartments 
were each dimensionally similar to the 
pilot plant compartment in length and 
width, but were approximately 50 per 
cent deeper. 

Two 16-in. structural steel beams 
were installed to serve as supports for 
the mixers. Each beam spanned the 
length of the tank with the compart- 
ment walls as intermediate supports. 
Beam spacing was made wide enough 
to accommodate a full length walkway 
of steel subway grating. This provided 
easy access to the two mixers in each 
compartment. Vertical wood baffles of 
2 in. by 10 in. redwood lumber with 
steel stiffening angles were installed at 
each mixer to prevent vortexing. The 
mixer and baffle arrangement is illus- 
trated in Figures 1 and 2. 

Sparge rings with diameters of 33 
in. were fabricated from 214-in. stain- 
less steel pipe and installed beneath 
the lower impeller of each mixer. Each 
sparge ring had 24 equally spaced 34- 
in. top holes and 4 equally spaced 14-in. 
bottom weep holes. Previous experi- 
ence in fermentation operations indi- 
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cated that sparge ring design would not 
be critical. Sparge ring diameter was 
made slightly larger than the impeller 
diameter to introduce the air in the 
zone of maximum turbulence. Sparge 
ring holes were made large enough to 
eliminate plugging problems. 

Piping was designed to permit any 
of the three aeration compartments to 
be taken out of service without affect- 
ing the operation of the other compart- 
ments. Valved lines for raw waste, 
sludge, air, and drainage were pro- 
vided for each compartment. Each 
compartment wall had two slotted 
channels with aluminum stop gates for 
mixed liquor flow. It was felt that 
the separate compartments, multiple 
mixers, and piping scheme provided 
the most flexible arrangement and one 
that would permit the greatest con- 
tinuity of operation. 

Installation proceeded smoothly and, 
after the coating of all bare metal 
surfaces, the modified aeration tank 
was returned to service in early June 
1958. The agitator shafts and air pip- 
ing were painted with an air cured 
modified epoxy-phenolie paint. Other 
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piping received conventional asphaltic 
base coatings. The aeration modifica- 
tions took 12 wk from time of tank 
draining to startup. Figures 3 and 4 
show the completed installation. 


Operation 


No mechanical difficulties were en- 
countered during the startup opera- 
tion. However, power checks of the 
mixer motors revealed that each of the 
motors was drawing only 60 per cent 
of rated full load motor current at the 
desired air flows. Either the speed or 
impeller diameter could be inereased 
to draw increased power. Speed could 
be varied through the use of change 
vears which could be readily installed. 
The speed increase required would 
have brought the shaft speed into the 
critical range which might have ne- 
cessitated the use of steady bearings. 
This would not have been desirable 
since maintenance on the bottom bear- 
ings would have required periodic tank 
draining. 

Impellers of 36-in. diam with new 
stabilizing rings were ordered to re- 


FIGURE 4.—Turbine aerator. 
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place the 30-in 
nally supplied. 


diam impellers origi- 
The 


were installed during low flow periods 


larger impellers 


by taking one aeration compartment 
out of 


time. Baffle sup- 
ports which had shown signs of weak- 
ening were reinforced. 


service at a 


The larger im- 
pellers operated with the motors draw- 
ing 92 per of full load 
current, 


cent rated 

Air rates to the sparge rings were 
metered with a bypass rotameter con- 
nected across an orifice in each of the 
sparge ring air supply lines. Since 
the air distribution piping to each of 
the six mixers was identical it was only 


necessary to check air rates at one 


mixer to determine air rates to the 
others. 
The unmodified aeration tank was 


used as an equalization tank since only 
one tank 
tion. 


was now required for aera 
Air alone was fed to the hy 


drauli¢ ejectors for agitation and for 


Figure 5 
is a schematic drawing of the flow pat 


possible solvent stripping. 


FIGURE 5.—Wastewater treatment plant flow diagram. 


tern currently used in the treatment 
plant. 

No attempt is made to separate pri- 
mary the 


have shown 


solids in treatment 
Data that 
of the BOD in this process wastewater 
is in the soluble form 


present 
process. most 
Primary solids 
are collected alone with the activated 
sludge in the secondary settling tanks. 


Data and Results 
Full power operation began during 


1958 with 
92 


the second week of August 
the mixer 
cent of 


running at 
load 


motors 
rated full 
driving the dual 


per 
when 
t bladed 36-in. diam 
impellers at 155 rpm. 


current 


Compressed air 
at 500 cfm was supplied to each of the 
sparge rings. 

With all six mixers running it was 
impossible to obtain satisfactory  set- 
tling in the secondary sedimentation 
tanks. The mixed liquor leaving the 
aeration compartment was so 
highly gasified that it had the appear- 


last 
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ance of the pressurized influent to a 
flotation unit. In fact, there was a 
marked tendency for the suspended 
solids to float. It was apparent that 
the desired mixed liquor solids concen- 
tration of 3,000 to 3,500 mg/l eould 
not be maintained unless corrective ac- 
tion was taken. Clarification studies 
in the pilot plant had shown that sedi- 
mentation would be superior to flota- 
tion for this mixed liquor in producing 
an effluent with low suspended solids 
content. Attention therefore 
centered on improving the operation 
of the existing settling tanks. The two 
mixers in the last aeration compart- 
ment were then turned off and the 
air to those two sparge rings was re- 
duced to 300 cfm each. This improved 
settling action markedly. The desired 
effect was attributed to a combined de- 
vassing and reflocculating phenomenon 
in the last compartment. 

The following became the standard 


method of operation and the conditions 
under which all the data were col- 
lected. Raw wastewater flow after 
equalization was subjected to aeration 
in two compartments with a total of 
2,000 cfm of air and degassing in one 
compartment with a total of 600 ¢efm 
of air. In ealeulating applied loadings 
the degassing compartment was arbi- 
trarily assumed to have an equivalent 
value of half an aeration compartment 
and half the air used for degassing was 
included in the air requirements for 
aeration. This was felt to be a con- 
servative approach since the BOD re- 
moval occurring in the degassing 
chamber would probably be poor due 
to the inefficient method of air intro- 
duction. 

Standard analytical methods (2) 
were used for analyses under closely 
supervised conditions.  Influent raw 
waste samples were composited from 
an automatic sampler which collected 


TABLE I.—Wastewater Treatment Plant Operating Data* 


} Air | Air Energy Sludge 
Flow 000 | (lb ihe (cu ft/lb | (cu ft/lb (kwhr (lb Ib 
(mgd) | BOD | of BOD | BOD 
| cu ft) , a applied) | removed) | removed) | removed) 


Avg 


1958 | 
Aug. 193 | 276 0.45 | 0.60 
| 182 | 24 0.40 | 0.75 
Sept. 170 | 225 | 0.36 | 0.60 
197 | 2 0.40 0.86 
168 | 205 0.34 | 0.77 
198 24: 0.37 0.60 
211 26: 0.36 | 0.82 
160 365 0.50 
229 | 272 | 0.36 | 0.64 
180 2: 036 | O51 
196 | 0.36 | 0.53 
0.63 
0.82 
0.61 
0.83 
0.83 
0.79 
0.69 
0.92 
0.84 


>» 
cow om 


1959 
Jan. 


0.36 0.74 
4 


0.43 0.75 


* Weighted averages. 
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TABLE II.—Comparison of Operating Data 
from Main Plant and Pilot Plant* 


ain ot 
Item 
Run duration (days 154 31 
Applied BOD (lb/1,000 cu ft) | 475 153 
BOD removed a 78.5 78.7 
Applied BOD (lb/Ib MLVSS 2.2 3.75 
Air used 
(cu ft/lb BOD applied 222 215 
Air used 
(cu ft/lb BOD removed 284 274 
Power used 
(kwhr/lb BOD removed 0.41 0.36 


* Weighted averages 


1,440 samples per day through a solen- 
oid valve and timer arrangement. All 
other liquid samples were obtained by 
compositing 24 hourly grab samples. 

Table I shows the weighted averages 
of 22 wk of continuous operation. 

BOD removal increased steadily dur- 
ing the first three weeks of operation 
under full power and entered the 80- 
to 85-per cent For 
the next nine weeks performance re- 
mained at this level. 
had been making unusual sounds since 
startup. This mixer was shut off and 
checked carefully for a week, but noth- 
ing abnormal could be found. The 
extended shutdown, however, dropped 
the BOD removal to 72 per cent. 


removal range. 


One of the mixers 


The next three weeks were normal. 
but during the week starting Dee. 8, 
1958, a waste was received at the treat- 
ment plant to the 
sludge could not acclimate. 


which activated 
Dissolved 
oxygen climbed from the usual trace 
quantities to abnormally high levels 
for the BOD loadings applied. Aera- 
tion tank temperatures dropped 
sharply and the treatment plant efflu- 
ent turned from a sparkling to a hazy 
liquid containing a greatly increased 
amount of colloidal material. BOD re- 
moval during that week dropped to 
50 per cent. The sludge soon began 
to recover from the initial shock and 
BOD removal rose to 69 per cent dur- 
ing the week starting Dee. 15, 1958. 
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Dissolved oxygen levels, aeration tank 
temperature, and effluent quality re- 
turned to normal. Performance there 
after was above 80 per cent. 

No attempt was made to vary air or 
mixer power input except on week ends 
when, because of greatly reduced flow 
and organic loading, two or 
the mixers could be shut off. 


three of 
Constant 
air supply to the sparge rings was 
maintained at all times. 


Discussion 


Operating results in the main plant 
have met or exceeded the pilot plant 
results in all 
based on 


respects. Secale-up was 


dimensional similarity of 
the aeration compartment, equivalent 
power input per 1,000 gal of aeration 
volume, and equal air supply per pound 
of BOD applied. Table II 
parison of the main plant results with 
the pilot plant results for the closest 
equivalent BOD loading and 
Table III is a comparison between two 
All the results and 
apply to this 
particular process waste stream. The 
application of data to 
any other waste stream should be in- 


IS a COn- 


rate, 


operating periods. 
observations discussed 


any of these 
vestigated in separate studies. 

Continuous operation over a 22-wk 
period has demonstrated the ability of 
the activated sludge plant to handle 
loadings of 450 to 550 Ib applied BOD 


TABLE III.—Comparison of Main Plant 
Operating Data from Two Separate 
Six Month Periods* 


liom 1958 1960 
Run duration (days 154 168 
Applied BOD (Ib/1,000 cu ft)| 475 336 
BOD removed (% 78.5 84.2 
Applied BOD (lb/Ib MLVSS 2.2 1.67 


Air used 
(cu ft/lb BOD applied) | 222 302 
Air used 


(cu ft/lb BOD removed) 284 | 358 
Power used 
(kwhr/lb BOD removed 0.41 0.50 


* Weighted averages. 
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aeration 
turbine 
This was done using 
only four of the six mixers installed. 
At present, the concentration of dis- 
solved oxygen appears to be a limiting 
factor since only occasional traces are 
present under high loading conditions. 
It is likely that BOD removal above 
85 per cent will be achieved when the 
other two mixers can be used. Further 
. reduction of the suspended solids lost 
with the plant effluent will also con- 
tribute to increased BOD removal. 


1,000 en ft of 


using sparged 


per day per 
tank 
mixer aeration. 


volume 


The treatment plant’s capacity for 
handling high BOD loadings has elimi- 
nated the necessity for providing ad- 
ditional tankage, associated 
air compressors, and distributor piping. 
Expansion using conventional aeration 
equipment would have necessitated the 
construction of at least six more aera- 
tion tanks. A conventional installation 
would have been physically impossible 
on the land allotted for waste 
treatment facilities. Not only has 
premium land space been conserved, 
but one of the former aeration tanks 
has been released for other uses. Ap- 
benefit realized 
from the use of this tank as an equali- 
zation basin with the accompanying 
reduction of hydraulic and organic 
load variations and cost of neutraliza- 
tion The installed cost of 
the sparged mixers is well below the 
that would have been required 
to purchase additional tankage and 
Installation time of 
course was also decreased. 


aeration 


area 


preciable has been 


chemieals. 


cost 


compressors. 


Economy is another 
factor which demonstrated. 
Aeration power requirements of 0.35 
to 0.45 kwhr/lb BOD removed are well 
below those of the hydraulic ejectors 
formerly which consumed 
0.56 kwhr and are below the aeration 
power requirements of many conven- 
tional domestic sewage activated sludge 
plants. Since no attempt was made 
to vary the power input with decreased 
applied BOD loadings, the lower BOD 


of operation 
has been 


employed 
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loadings show the highest power re- 
quirements. It is anticipated that 
power requirements can be reduced 
through finer control of the dissolved 
oxygen levels. 

The non-fouling characteristics of 
“the sparged turbine system are evident 
from an examination of the plant op- 
erating data. Performance remained 
at a constant level for 22 wk. There 
is little that can happen mechanically 
that would reduce oxygen transfer 
efficiencies with the exception of ero- 
sion of the impeller blades. Periodic 
inspections of the impellers reveal no 
visible erosion of the blades. The 
blade tips still appear sharp-edged. 
Power checks confirm that the mixer 
motors are continuing to draw 90 per 


cent of their rated full load motor 
current. No fouling or plugging prob- 


lems have occurred with the sparge 
rings. There has been no accumulation 
of solids in the bottom of the aeration 
tank compartments. 

There has been no indication that 
mixer maintenance costs will be exces- 
sive. Two bearings were replaced in 
one mixer after 15 months. This work 
was easily done in place. None of the 
other mixers has required maintenance 
other than routine lubrication. The 
modified epoxy-phenolic coating ap- 
plied to the steel mixer shafts failed 
after 6 months and was not replaced. 
Corrosion and erosion on the shafts 
appear negligible. 

Foaming at first presented no prob- 
lem except on week ends when both the 
flow and organic loading would drop 
off sharply with corresponding in- 
crease in the dissolved oxygen level. 
Control was effected by stopping all 
but one mixer while maintaining 
sparge ring air on the others. This 
was enough aeration to maintain an 
adequate dissolved oxygen level. 

Some change occurred in the charac- 
teristics of the wastewater which 
vaused foaming to become more pro- 
nounced during week day operation. 
Antifoam agents proved unreliable and 
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TABLE IV. 


ren Tr 


expensive. Water sprays would have 
increased the hydraulic loading. Re- 
circulation of effluent to spray 
nozzles would have presented plugging 
problems. Control of was 
achieved by extending the tank free- 
board 16 in. 
allowing the 


foam 
foam 


with redwood lumber and 
the 
aeration compartments across the con- 
crete dividine wall to the adjacent 
equalization tank. The would 
break with time and the air agitation 
employed in the equalization tank and 
be recycled back to the aeration tank 
with the raw waste feed. 

An oxygen 
the concentration of 
the off gas from the main plant aera- 
tion compartment. The 


55-eal 


foam to flow from 


foam 


analyzer was used to 


measure oxygen 
vas collector 
drum which 
could be moved along an overhead rail 
support 


Was an inverted 
between the mixer 
platform in the center of the tank and 
the outer wall of the tank. 


fastened 


Oxygen 
transfer efficiencies were determined at 
2-ft Table IV the 
actual oxygen transfer efficiencies ob- 


intervals. shows 
tained at varying distances from the 
mixer in 14 separate traverses of one 
aeration compartment. Each of these 
traverses was made on a different day. 

The oxygen analyzer could measure 
transfer efficiencies up to 25.8 per cent. 
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Variation of Oxygen Transfer Efficiency with Distance From Mixer 


ansfer Efficiencies at Various 


In general transfer efficiencies exceeded 


25.8 per cent at points further than 


7 ft from the mixer. Average transfer 
efficiencies were calculated to be over 
In calculating an average 
the compart- 
that the 
ring air was distributed in inverse pro- 


20 per cent. 
transfer 
ment it 


efficiency for 
Was assumed sparge 
portion to the transfer efficiencies meas- 
ured. It that the 
transfer efficiency remained the same 


Was also assumed 
at any point of a two-foot wide annu- 
lar ring of varying diameter with the 
mixer as the Transfer effi- 
ciencies in the pilot plant were as hich 
as if per The difference in 
transfer efficiency of the two plants 
is attributed to the 50 per cent greater 
liquid depth of the main plant. 


center. 


cent. 


The major problem associated with 
the use of the sparged mixer has been 
the excessive gasification of the mixed 
liquor with subsequent settling diffi- 
culties in the secondary sedimentation 
tanks. 
idling 


Degassing 


two 


was obtained by 


and using 
ring air to provide gentle agitation. 


Studies were conducted in the pilot 


mixers sparge 


plant on sparge ring versus drilled pipe 


headers for degassing. The 


drilled 
pipes were more effective. 
Immersible 


ultrasonic transducers 


were tried in the main plant for de- 


ge . 
1210 
Distances from Mixer (%) 
tun remy DO Cone 
5 ft 7 ft 9 ft 11 ft 13 ft 
98 0 15.3 12.5 21.5 > 25.8 > 25.8 
2 98 0 7.7 11.7 17.2 23.7 
Pe 3 99 0 12.0 15.0 16.3 18.9 17.9 ‘ 
97 0 13.4 16.3 >25.8 >25.8 >25.8 
5 97 0 13.4 19.6 >25.8 >25.8 >25.8 
b 0 5.5 10.3 21.0 240) >25.8 
7 5 10! 
10.5 10.0 6.5 10.5 
8 95 0 21.8 >25.8 >25.8 >25.8 > 25.8 
>25.! 
96 0 14.6 21.0 >25.8 >25S >25.8 
24 10 92 0 74 12.4 17.9 17.0 18.7 
2 5 5 
92 0 13.9 >25.8 >265.8 > 25.8 > 25.8 
12 18.0 > 25.8 >25.8 >25.8 >25S8 
13 0 15.3 >25.8 >25.8 >25.8 >25.8 
14 0 25.8 >25.8 >25.8 >25.8 >95.8 : 
fe 
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After running the ultrasonic 
equipment for one month this study 
was dropped because the apparent 
equipment requirement would have 
made this method prohibitive in cost. 
Other degassing methods which proved 
ineffective included low power mixer 
agitation without’ air and baffling of 
the connecting channel between the 
aeration and settling tanks. 


vassing. 


Observations in the pilot and main 
plants led to a redesign of the existing 
settling tanks which now enables them 
to clarify and remove both settling and 
floating sludges simultaneously. It is 
expected that the degree of degassing 
required will be materially reduced. 


Continuing Studies 


Aeration studies are being continued 
to discover the effect of specific wastes 
Clarification 
studies are continuing primarily with 


on aeration efficiency. 
respect to the performance of the modi- 
fied 


studies are also in process. 


settling tanks. Sludge disposal 
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SAMPLING DEVICES USED IN THE 
ANAEROBIC CONTACT PROCESS 


Automatic Liquid Sampler 


The samplers described in this article 
were the ones used in a full-scale test 
operation of the anaerobic process (1). 
Automatic samplers used should have 
the following characteristics : 

1. The collected sample should be re- 
frigerated at about 40°F. 

2. The collected sample should be 
proportional to the rate of flow. 

3. The pump that supplies the sam- 
ple and the container into which it 
discharges should be flushed for a suf- 
ficient time to assure a representative 
sample. 

4. The cup or device by which the 
sample is collected should have a large 
opening which allows the sample taken 
to discharge rapidly and completely 
into the sample bottle. 

5. The from which the 
sample is collected should be drained 
below the top of the sample cup before 


container 


the cup discharges into the sample 
bottle in order to 
eney to 
floating material. 
6. The 
should be 
should not 
on biological activity. 


minimize the tend- 


collect excessive amounts of 


materials of construction 
and 
inhibiting effect 


corrosion resistant 


have an 


7. Controls should be provided to 
collect the desired quantity of sample 
over the period of sampling 

8. The cost of the sampler should be 
low. 


Edwin B. Fall, Jr., is chemist, 
Kraus is manager of the Greater 
itary District, Peoria, Jil. 

This paper was given sa 
the paper ‘‘ Anaerobic Contact Process’’ pre 
sented at the 33rd Annual Meeting of the 
Water Pollution Control Federation in Phila 
delphia, Pa., Oct. 2-6, 19 


and LL. S. 


Peoria San 


pplement to 


Edwin B. Fall, Jr., and L. S. Kraus 


Sample r Construction 


Figure 1 is a detail of the sampler. 
The refrigerator which holds a 2-gallon 
polyethylene bottle is a Little Giant 
Electric Refrigerator, manufactured 
by Foremost Commodities Manufactur- 
ing Co., 1472 Broadway, New York 36, 

The pump is an Enpo Submersible 
Pump, type AU open impeller, avail- 
able from the Piqua Machine and Man- 
ufacturing Co., Piqua, Ohio. It 

into the 
container at 


dis- 
(16 
(114-in. 


stainless steel 
inlet A 
tubing). It fills eon- 
and float C 
which closes the one inch stainless steel 
ball valve D. The flow continues 
across the bottom of the container at 


charges 
rave ) 

stainless steel 
tainer 


section B raises 


a level below the top of sampling eup 
EK into chamber F from which it is 
through normally open 
solenoid valve G to the drain. 

The sample flow is continued for 
about one minute under the control of 
a time switch. After the flushing time 
has expired, the time switch closes the 
solenoid valve 


discharged 


The container fills rap- 
idly filling the sample eup and activat- 
ing float switch H which de-energizes 
pump and the solenoid 
valve and causes the container to drain 
rapidly through the pump. 

When the level in compartment B 
is sufficiently low, ball valve D opens 
and the sample is discharged into the 
refrigerated bottle. 

The cycle is thus completed and the 
pump is start on an im- 
pulse from the primary activating eon- 
trol. This switch on a 
venturi meter, a pressure switch on a 
pump, a liquid-level switch over a weir, 
or a time switch. 


the sample 


ready to 


may be a 
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SAMPLING DEVICES 


RAT Ome 


REFIGERATOR 
} BOx 


INSULATION 


FIGURE 1.—Automatic sampler. 


Electrical Controls 

Figure 2 indicates the electrical cir- 
cuit for this sampler. Contact P is the 
primary activating control which ener- 
gizes relay R, which in turn activates 
step relay S. Step relay 8S, after a 
proper number of operations have been 
made depending on the size of the 
sample desired, energizes relay Re and 
the reset coil S, of the step relay. Con- 
tactor R, closes relay Rg through nor- 
mally closed float switch F closing two 
contactors Ry one of which is a holding 
contact for relay Re and the other 
starts pump motor M and timer T. 
Normally open contact T is adjusted 
to close after a sufficient flushing time 
has elapsed. thus closing solenoid valve 


\ 


The liquid level in the container 
rises rapidly opening float switch F 
which de-energizes relay Rz which in 
turn de-energizes the pump motor and 
the timer. The evele is thus complete. 


Problems of Sampler Operation 


The sampler is essentially an eleectri- 
eally-controlled device. It is obvious 
that these devices must be of good 
quality. The total cost, ineluding 
labor, is about $500. However, an 


extra investment in relays and switches 
is well warranted. 

The greatest difficulty encountered 
in operation was the sampling of raw 
sewage. The pump was occasionally 
plugged with rags and sometimes the 
ball valve was not allowed to close by 
a solid particle deposited on the seat. 
The only problems that interfered with 
the sampler operation on effluents were 
electrical in nature. 


Extinction Meter 


The extinction meter consists of a 
photoelectric cell in a water-tight com- 
partment with a glass window on one 
side of the container. There is a light 
bulb one-half inch away from the win- 
dow and positioned so that the beam of 
light is focused on the photoelectric 
cell. The light and the water-tight 
compartment are fastened together and 
suspended from a four-conductor wire, 
with two of the wires connected to the 
photoelectric cell and two connected to 
the light. The wire is on a pulley so 
that the light and photoelectric cell can 
be slowly lowered into the tank. The 
other end of the wires are connected 
to a micro-ammeter from the photoelec- 
tric cell and from the light to batteries. 

The light is lowered into the tank 
and when it enters the sludge layer the 
sludge between the light and the photo- 
electric cell cuts off the light beam and 
the reading on the micro-ammeter 
drops to zero. There is a counter that 


S— ELECTRICAL RESET STEPPING RELAY (MULTIPLE POINT 
TIMING RELAY, ADJUSTABLE TO ABOUT 5 MINUTES 

VALVE SALENOW 

MOTOR 


FIGURE 2.—Wiring diagram of 
automatic sampler. 
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measures the length of 
been lowered 


that has 
into the tank and from 
this and the water depth of the tank 
the sludge level can be obtained. 


The meter works very well and can 


wire 


be used in primary and final settling 
tanks to determine the sludge level and 
thereby the pumping rate needed to 
remove the sludge from these tanks. 


Sludge Sampler 


The sludge in the anaerobie contact 
tank thick hard to sample, 
but after trying several different ways 


was and 
a sampling pole was constructed in the 
following manner. <A half inch alumi- 
num conduit with a quarter inch steel 
rod in the inside is used 
clip holder for a 
mouth bottle is 


A spring 
four wide- 


under the 


ounce, 
centered 
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RESEARCH GRANTS 


The Research and Training Grants Branch of the Division of Water 
Supply and Pollution Control reports that 142 Public Health Service 
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bottom end of the conduit. A rubber 
stopper is fastened to the quarter inch 
rod and fits in the bottle. When taking 
a sample the stopper is put into the 
neck of the bottle and the pole is low- 
ered to the proper level in the tank. 
The stopper is then removed from the 
bottle by pulling on the rod. 
centrated 
bottle by slowly 


The con- 
the 
moving the pole up 
and down about two inches each time. 
After the collected the 
stopper is pushed back into the bottle 
by use of the rod and the pole is re- 
moved from the tank 


sludge is foreed into 


sample is 


Reference 
Fall, E. B., Jr.. and Kraus, L. 8., ‘* The 
Anaerobie Contact Process in Prae 
tice.’’ THis Jocrnat, $38, 10, 1038 
Oct. 196] 


research grants totaling $2,116,804 were awarded in the field of water 


supply and pollution control during fiseal year 1961. 


were made to institutions in 


These erants 


37 states and the District of Columbia 


Of the year’s total, $761,793 was allocated to support 47 new r 


search The 


grants 


remaining $1,355,011 


was for continued support 


of previously approved research grants. 


For a complete list of research grants awarded in the field of 
supply and pollution control during fiscal 1961 write to 


Chief, 


water 


Research and Training Grants Branch 


Division of Water Supply and Pollution Control 


Publie Health Service 
Washington 25. D. C. 
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A Beginning 


The Five-Minute Car Wash in San 
Bernardino, Calif., has installed a fil- 
tering system to reuse its wash water. 

The system reduces the water use 
by 70 per cent, with the use of this one 
establishment dropping from 15,000 to 
4,600 gpd. The city officials are pleased 
and are looking forward to a far wider 
use in many industries such as 
laundries, dairies, and food processing 
plants. Not only is this a welcome 
change from the usual increasing per 
capita use but the owner is very happy 
since his average water bill has 
dropped from $96 to $28. 


New Idea for Odor Control * 


The City of Lake Worth, Fla., was 
plagued by odors at lift stations and 
decided to take positive action. After 
instituting a thorough program of 
housekeeping, lift-station odors were 
reduced by 90 to 95 per cent. By ac- 
cident it was discovered that vanilla 
extract effectively masked the residual 
odors. Now, aecording to Joe C. 
Woolf, Superintendent, they use a 
spray of vanilla extract (35 per cent 
alcohol) diluted 1 to 20 with water and 
have a candy kitchen instead of a lift 
station. 


Safety Award 
The Fort Wayne News Sentinel, July 


25, 1961, contained the following news 


item: 
A certificate of meritorious achieve- 
ment was presented to the employees of 


sewage treatment plant today for com- 


*From California Water Pollution Control 
Association Newsletter, Vol. 12 (Aug. 1961). 


pleting over 600,000 man hours of 
work without time loss due to injury. 

Under the supervision of Paul Brun- 
ner, the plant workers have gone 2,793 
consecutive work days without an im- 
pairing injury. Presenting the award 
was Ed Hall, engineering representa- 
tive of the Standard Accident Insur- 
ance Company, in the office of Mayor 
aul M. Burns. 

The Building, Engineering, Light 
Service, Meter Test, and Sub-Station 
Departments have not attained cer- 
tificate records but are approaching the 
mark and will receive a letter of com- 
mendation from Mayor Burns. 


Force-Account Construction 

Walter L. Pieton, Director, Water 
and Sewage Industry and Utilities Di- 
vision, Business and Defense Services 
Administration, Department of Com- 
merece, reports that a study of utility 
construction for the years 1952 through 
1959 reveals interesting data coneern- 
ing utility expansions. 

More than 13 per cent of the con- 
struction of public water utilities and 
) per cent of public sewerage utilities 
was done by force account. 

The fact that the value of sewerage 
force-account construction in 1959 was 
$42 million, almost double the 1952 
amount, should prove to be of interest 
to management, consulting engineers, 
and suppliers. 


Federal Agencies Approve Plan to 
Integrate Radiation Emergency 
Assistance 

Eleven federal agencies have ap- 
proved an interagency radiological as- 
sistance plan to provide advice and 
assistance upon request from organiza- 


1215 


2 

E ae 

I 

4 

: 

‘ 

+ 

> 

Ay 
. 


1216 


tions or individuals, in connection with 
incidents resulting in the loss of con- 
trol of radioactive materials which in- 
volve a hazard or possible hazard to 
life, health or property. 

Presently operating radiological as- 
federal 
agencies, including the Atomic Energy 
Commission De- 


fense emergency radiological assistance 


sistance resources of the 


and Department of 
teams, are not intended to be replaced 
or changed by plan. 
The plan, however, considerably broad- 


the interagency 


ens the base of available emergency as- 
sistance through the participation of 
several federal agencies. 
eal matter, a 


As a practi 
request 


any partici- 
pating agency will bring into action 
appropriate aid from the nearest 
source 

The Interagency Committee on 
Radiological which 
been responsible since its formation in 
May 1958, for the development of the 
plan, will continue to funetion. This 
committee is made up of officials desig- 
nated to 
federal agencies. 


Assistance, has 


represent the participating 
The committee is re- 
sponsible for obtaining federal ageney 
approval on policy matters, for inter- 
pretation, for making such changes in 
the plan as may be desirable in the 
future, and for particl- 
pating agencies that the plan is carried 
out in a with fed- 
eral statutes and executive orders re- 
lated to radiological The 
plan provides that AEC will periodi- 
eally inform the participating agencies 


assuring the 
consistent 


mahher 


assistance 


on progress and development in the 
administration and execution of the 
objectives of the plan 


Under the new plan federal agencies 


will coordinate their radiological as- 
sistance health and safety activities 
with those of state and local health. 
police, fire, civil defense, and other 


interested agencies. The plan also ealls 
for setting up a system for the ex 
change of information among the na 
tional and local groups 

The plan 


proposes the encourave- 
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the 
capability to cope with radiological in- 
cidents and the development of basic 
instructional material in radiation pro- 
tection that will be made available for 
publie safety and publie health per- 


ment of 


loeal 


development of 


sonnel. 

Further information about the inter- 
agency radiological assistance plan 
be obtained by writing the Di- 
rector, Office of Operational Safety. 
U. S. Atomie Energy Commission, 
Washington 25, D. C 


mas 


Skeeter Control 


Philadelphia has acquired a fleet of 
3-wheeled utility vehicles (see photo 
to check parking meter violations and 
spearhead a drive on mosquitoes. 
Three of these vehicles, each with only 
a driver, will be the City 


Health Department and will replace 


used by 
the normal trucks and two-man crews 


The savings in wages is expected to 
save the taxpayers money. 


Treatment Plant Beautification 


Place, 


Wastewater 


Austin Morgan of 
Washington, 


College 
the 
treatment plant for that city and serves 
as Justice of the Peace 


Operates 


He is a certi 
fied operator, registered with the Pacific 
Northwest Pollution 
tion under their voluntary certification 


Control Associa 


plan 
The plant, operated by Mr. Morgan, 
is unusual as he 


has landseaped it 
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with iris. The two photographs show He is to be congratulated for his 
the area near the clarifier and the field success in softening the usual plainness 
by the digester. of such installations. 


% 
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Iris around the clarifier. 
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Iris around the digester. ae 


THANK YOU, MILWAUKEE! 


An Editorial 


At each annual meeting of the Fed- 
eration, the details of all facets of Fed- 
eration operation come under close 
serutiny of the Board of Control and 
the membership attending. The meet- 
ing itself is the culmination of many 
hours of work on the part of the Fed- 
eration officers, committees, and staff. 

The exhausting preparations reach 
their climax just before the meeting so 
all concerned are alert to any signs of 
response by numbers or by word. By 
the second day of the technical sessions 
there is a strong indication of the final 
result, but not until the final day are 
the real results available. The record 
registration of 2056 will be analyzed 
in the December Journal. 

Whatever the many causes may be, 
one result is readily apparent—that the 
water pollution control activities as 
exemplified by the operation of the Wa- 
ter Pollution Control Federation is 
making significant strides ahead 

Many expressions of approbation and 
congratulation have been heard since 
the meeting. We hasten to pass on a 
sampling of these comments to those 
actually responsible for the suecessful 
conduct of the meeting. Amone the 
descriptive terms heard were ‘‘a_ bell 
ringer!’’ ‘‘an outstanding meeting !’’ 
‘terrific job!’’ ‘‘smoothest meeting 
ever!’ ‘‘elockwork precision 

Where does the credit for a success- 
ful meeting belong? Of course, the 
Federation officers staff expect 
and are expe ected to do all possible for 
the smooth planning and operation of 
sucha meeting. Beyond this the prod- 
ucts of two major committees deserve 
the highest credit for the neetine’s 
success. The Publications and Pro 
gram Committee which was under the 
chairmanship of Dr. George E. Symons 
produced a technical program with the 
cooperation of authors and presiders 
that remains the main core of attrae- 
tion. This Committee, which starts its 
planning a full 12 months in advance, 
pursues an orderly routine to produce 
technical presentation of a breadth 
suitable for the varied Federation 
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membership and a depth appropriate 
for meeting presentation and _ likely 
Journal publication. 

The second committee deserving of 
similar notice is the Local Arrange- 
ments Committee which this year was 
under the chairmanship of William N. 
Konrad of Milwaukee. Even though 
this Committee does not have the ad- 
vantage of year-to-year continuity in 
leadership or membership, this year’s 
Chairman organized a smooth-running 
team that presented Milwaukee’s best 
to meeting delegates and also made an 
excellent pr sentation of the Federa- 
tion to Milwaukee. 

There was strong evidence of public 
interest in water pollution control. 
This was measured by the extensive 
local and national publicity received 
regarding the significance of events 
and statements of participants and of- 
ficers. Here again, appreciation is due 
the extensive support of the news corps 
made up from those in Milwaukee, as 
well as representatives from several 
member organizations and the Federa- 
tion Publie Relations Committee. 

Still another measure of the size and 
importance of an annual meeting is 
that afforded by the activity of manu- 
facturers at the meeting. One measure 
of the sparkle added to a meeting is 
the fact that over 100. exhibition 
booths were used by members of the 
Water and Sewage Works Manufae- 
turers Association, which handles all 
details of commercial exhibits for the 
Federation. This figure is of par- 
ticular significance when compared 
with 47 booths used a decade earlier 
when the Federation last met with the 
Central States Sewage and Industrial 
Wastes Association as host. With an 
attendance of 718 that year, the an 
nual meeting nearly tripled its at 
tendance and more than doubled com- 
mercial exhibit space in the last 
decade. 

The Federation’s appreciation to all 
coneerned is summarized by the ex 
pression, ‘‘Thank you, Milwaukee!’’ 


R. E. F 
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PUBLIC INFORMATION MATERIALS 


This list was compiled by the Public Relations Committee of the 
Water Pollution Control Federation. Knowing that there are other 
worthwhile items not included, the Federation invites anyone to draw 
attention to missing items for consideration as additions to the list. 
Please send at least one copy of each item to the Federation office, 
4435 Wisconsin Avenue, Washington 16, D. C. 


PUBLICATIONS 


TITLE SOURCE AVAILABILITY 


Thoughts Plus Actions Equal Water Pollution Control Limited quantity 
Results Federation, 4435 at no cost 
The Water Pollution Image Wisconsin Avenue, 


Washington 16, D.C. 
Where Industry Stands in Water 


Pollution Control 

Where Research Stands in Water 
Pollution Control 

Planning the Dedication of the 
Mill Creek Sewage Works 

Public Relations Aspect of Pro- 
moting a Bond Issue 

The Position of States in Water 
Pollution Control 

Field Trip to the Treatment 
Works of a New Refinery 

What the Operator Can Do to 
Promote Better Public Relations 

Market Facts 


Our Growing Water Problems National Wildlife Federa- Single copy 25c 
tion, 1412 16th Street, Quantity rates 
N.W., Washington 6, available 


The Water and Sewage Industry The Water and Sewage Limited quantity 
Today and Tomorrow Works Manufacturers at no cost 
Association, Inc., 165 
Broadway, New York 6, 
N. Y. 
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TITLE SOURCE AVAILABILITY 


The Living Waters (1961 ed.) Dept. of Health, Education 25c each 
and Welfare, Public 
Health Service, Div. of 
Water Supply and Pollu- 
tion Control 
Washington 25, D. C. 


New Resources to Meet Com No cost 
munity Sewage Treatment 
Needs Under the Construction 
Grants Program 
Statistical Sum mary of Sewage 15c each 
Works in the United States 
Municipal Sewage Treatment 15c each 
Needs 
Your Career in Sanitar 25¢e each 
Engineering 
HF Clean Water—A Challenge to No cost 
the Nation 
Building for Clean Waters—Con- No cost 
struction Grants 5-Year Report i 
Federal Water Pollution Control No cost 
Act As Amended, 1961 
Recreation and Clean Water No cost 
Nature’s Wondrous Way with No cost 
Waste (The Reader’s Digest 
article) 
A Single Answer to Two Sewage No cost 
4 Treatment Problems 
: (Water and Sewage Works 
article) 
How Routine Work of Utility Public Works Publications, 50c each ‘ 


Men Can Make the News 200 South Broad Street, 
(Feb. 61 issue of Public Works) Ridgewood, N. J. 


Stream Life and the Pollution Limited quantity 
Environment at no cost 
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PUBLICATIONS 


TITLE SOURCE AVAILABILITY 


Washing Our Water: Your Job Public Affairs Pamphlets, Single copy 25c 
and Mine 22 East 38th Street, Quantity rates 
New York 16, N. Y. available 


Portland Cement Associa- Available in the 
tion, 33 W. Grand Avenue, United States and 


: beens Chicago 10, Ill. Canada only, at 
Vote “Yes for Sewers no cost 


Sewers and Civilization 


“ Sewage Treatment Works 


Financing Water and Sewage 
Works 

Untreated Sewage—A Community 
Menace 

Public Bond Issue Campaigns 

packet 


The Wrong Enemy The Izaak Walton League [Limited quantity 
(Outdoor America Article) of America, 1326 Wauke- at no cost 
gan Rd., Glenview, Ill. 


Idea Packet 


Clay Products Association Limited quantity 
P. O. Box 172 at no cost 
Barrington, Ill. 


A Water Use Policy Outdoor Writers Associa- Limited quantity 
Pollution Abatement in the tion of America, Inc., 10 E. at no cost 
Pacific Northwest Fayette St., Balto. 2, Md. 


Everyone Can't Live Upstream 
Clean Water and How to Get It 


General Electric Company 199.00) 100 
1 River Road 
Schenectady 5, N. Y. 


each 


On the Water Front League of Women Voters 25c each 


—— of the United States, each 
Knou 4 our River Basin 1026 17th St., N. W. 
The National Voter (Apr. and Washington 6, D. C. 10c each 
June 1959, Jan. 1961 issues) 
‘ Man and the River 50c each 
Little Drops of Water 5e each 
The Great River of the West 50c each 


Wisconsin Profile—A Summary of 
Water Use and Administration 


Colorado’s Water Resources 50c each 
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LITLE 


How to Get Sewage Treatment 
Works in Ohio 


Dickey Data 


Water and Pollution 
The Crisis 


If You Want Air 


Time 


Search and Research 


Your Clean Streams Program 
(Pennsylvania Report) 

Clean Streams 
exhibits-speakers-literature) 


Clean Streams (newsletter) 


Water (pamphlet) 


Oyster Development and Survi- 


val (brochure and film) 


What Water Means to Ohio 


Pollution Control 


( brochure-films- 
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SOURCE 


Ohio River Valley Water 
Sanitation Commission, 
414 Walnut Street, 
Cincinnati'2, Ohio 


Water Pollution Control 
Federation, 4435 
Wisconsin Avenue, 
Washington 16, D.C. 


National Water Institute, 
Rm. 1250, 420 Lexington 
Ave., New York 17, N. Y. 


National Association of 
Broadcasters, 1771 N St., 


N.W., Washington 6, D.C. 


National Council for 
Stream Improvement, Inc. 
271 Madison Avenue, 
New York 16, N. Y. 


Pennsylvania Department 
of Health, P.O. Box 90, 
Harrisburg, Pa. 


Northwest Pulp & Paper 
Association, Tacoma 
Building, Tacoma, Wash. 


Ohio Water Commission, 
1562 West First Avenue, 
Columbus 12, Ohio 


Mississippi Valley 
Association, 1978 
Railway Exchange Bldg., 
St. Louis, Mo. 


AVAILABILITY 


Limited quantity 
at no cost 


Limited quantity 
at no cost 


Limited quantity 
at no cost 


NAB member radio 


or television station 


Limited quantity 
at no cost 


Limited quantity 
at no cost 


Limited quantity 
at no cost 


No cost 


+ 
1222 November 1961 
a 
2 
| 
Fas 
y 
‘ 


Clean Waters 
16mm, sound, color, 20 min 


Engineering Your Health 
16mm, sound, color, 13.5 min 
(San. engr. as a career) 


Good Riddance 
16mm, sound, color, 30 min 
(crusade for clean streams) 


Oil on the River 
16mm, sound, color 


Bear Grass Creek 
16mm, sound, color 


Headline for Harper 
16mm, sound, color, 30 min 
(public works progress) 


How Our Town Saved the River 
16mm, sound, color, 30 min 


Municipal Sewage Treatment 
Process 
16mm, sound, 13 min 


Our Beautiful Potomac 
16mm, sound, color, 15 min 


Progress Report 

16mm, sound, color, 15 min 
The Waters of Coweeta 
16mm, sound 
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SOURCE 


General Electric Company 
1 River Road 
Schenectady 5, N. Y. 


U. S. Public Health Service, 
Public Inquiries, 
Washington 25, D. C. 


Ohio River Valley Water 
Sanitation Commission, 
414 Walnut Street, 
Cincinnati 2, Ohio 


International Harvester Co. 
180 North Michigan Ave., 
Chicago, Ill. 


Portland Cement Associa- 
tion, 33 West Grand Ave., 
Chicago, Ill. 


U. S. Public Health Service, 
Communicable Disease 
Center, Atlanta, Ga. 


Interstate Commission on 
the Potomac River Basin, 
202 Transportation Bldg., 
Washington 6, D. C. 
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AVAILABILITY 


Free loan 


Free loan 


Free loan 


loan 


Free loan 


Free loan 


Free loan 


Free loan 


Free loan 
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TITLE 


Pure and Simple 
16mm, sound, color, 19 min 
(equip. used in ind. waste 
problems) 


Refuse Disposal by Sanitary 
Land fill 


16mm, sound, color, 13 min 


Sewers—Guardian of Community 
Health 


16mm, sound, color, 20 min 


Tale of the Twin Cities 


Waters of the Commonwealth 
(how anti-pollution program is 
carried out) 


Pennies for Health 
Sound, black and white, 
134% min 
(on water pollution & control) 


Investment With a Future 
16mm, sound, color, 20 min 
(history and progress of local 
pollution control program) 


Water 


16mm, sound, color, 14 min 
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SOURCE 


Public Relations Dept., 
Link-Belt Co., Prudential 
Plaza, Chicago ], Ill. 


Communicable Disease 
Center, U. S. Public Health 
Service, Atlanta, Ga. 


Clay Products Association, 
100 N. LaSalle Street, 
Chicago 2, Ill. 


Kerwin L. Mick, Supt., 
Minneapolis—St. Paul 
Sanitary District, Box 3598, 
St. Paul 1, Minn. 


Public Relations, Pennsyl- 
vania Sanitary Water 
Board, P.O. Box 90, 
Harrisburg, Pa. 


National Water Institute, 
Rm. 1250, 420 Lexington 
Ave., New York 17, N. Y. 


Washington Suburban 
Sanitary Commission, 
4017 Hamilton St., 
Hyattsville, Md. 


Center for Mass Com- 
munication of Columbia 
University Press, 

1125 Amsterdam Ave., 
New York 25, N. Y. 


November 196] 


AVAILABILITY 


Free loan 


Free loan 


Free loan 


Free loan 


Free loan 


Free loan 


Free loan 


Purchase or rent 
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AUTHOR’S GUIDE FOR THE JOURNAL 
OF THE WATER POLLUTION 
CONTROL FEDERATION 


Source 

Material for publication may origi- 
nate (a) in presentation of a paper or 
discussion at a Member Association 
Meeting, the Annual Federation Meet- 
ing, or any meeting having Federation 
sponsorship of certain papers; or (b) 
from direct manuseript submission. 
Those originating from (a) 
are publication property of the Jour- 
nal of the Water Pollution Control 
Federation, and they are not to be 
used in other publications without a 
release from the Editor beyond that 
included in news reporting of a meet- 
ing. At Member Association meetings, 
manuscripts should be submitted to 
the Association Secretary who in turn 
will forward them to the Editor. At 
Federation meetings, papers may be 
submitted to a member of the editorial 
staff directly or through the presider 
of the session at which the paper was 
given. Any paper given at a meeting 
should be so identified. 

Manuscripts submitted directly to 
the Federation office for publication 
review should be accompanied by a 
statement indicating whether the man- 
useript is under consideration for pub- 
lication elsewhere. 


sources 


Manuscript Form 


Typewritten or duplicated manu- 
scripts on 84%” 11” paper are pre- 
ferred. Manuscripts must be double- 
or triple-spaced using only one side of 
the paper. The author’s name, ad- 


dress, business affiliation and title must 
be clearly indicated. 


Text material 
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should be divided appropriately by 
headings and sub-headings. 


Subject Matter 


Each paper should include a 
clear, concise introductory statement of 
the purpose of the paper, ()) a logical, 
connected presentation of the subject 
matter, and (¢c) a statement of the 
author’s conclusions. Research papers 
should inelude a description of meth- 
ods employed and a discussion of theo- 
retical and practical concepts involved. 
Data should be presented concisely and 
to the extent relevant to the paper. 

A summary or abstract of 200 words 
or less should be submitted with the 
paper. The suggested title for the 
paper should not exceed 10 words and 
should indicate the substance of the 
paper. 


Illustrative Material 


Photographs, line drawings, and 
graphs add much to reader interest and 
value of a paper. Photographs should 
be glossy, black and white. Line draw- 
ings and graphs may be in a similar 
form or originals with black lines on 
light paper or linen. Lettering and 
other details must be large enough 
to remain legible after reduction to 
fit printing requirements. Captions 
should be furnished for all figures and 
tables. 

All manuscripts are submitted with 
the understanding that editorial altera- 
tions of titles, substance, and illustra- 
tive material may be necessary. 
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JOURNAL PUBLICATION PROCEDURES 


The Journal of the Water Pollution 
Control Federation depends heavily 
on the programs of its Member Associa- 
tion meetings as sources of 
material. 

To assist the JouRNAL to maintain a 


technical 


high degree of uniformity and quality 
of editorial rules 


have been established eovernine pub- 


material, certain 
lication procedures. 

These rules, as prepared by the Fed- 
eration’s Publications Committee and 
approved by the Board of Control in 
October 1941, are reproduced herewith: 


1. All papers presented before the 
meetings of the Federation or 
any of its Member Associations become 
the property of the and 
publication of any but the 
Federation publications can be made 
only with specific permission from the 
Publications Committee. 

2. Papers shall be submitted to the 
Editor of the Journal of the Water 
Pollution Control Federation in proper 
form, for publication in that 
NAL. One copy of the paper, com- 
plete with diagrams, charts, sketches, 
and bibliography, shall be submitted. 

3. The Editor of the Journal of the 
Water Pollution Control Federation 
shall judge the suitability of any paper 
for publication. In case any paper is 
rejected, the Editor shall notify the 
author within thirty days of the rea- 
sons for rejection. Should any dis- 
agreement between the Editor and au- 
thor arise regarding 
matter shall be referred to the Pub- 
lications Committee for adjudication 
and its decision shall be final. 

4. The Editor of the Journa shall 
make any editorial changes in format 


before 


Federation, 
these in 


JOUR- 


publication, the 


or content which he may consider neces- 
sary and these shall be referred to the 
author in galley proof. Objections to 
editorial changes shall be referred by 
the author within seven days to the 
Editor and the Publications Committee 
and the the Publications 
Committee shall be final. 

5. The date of publication of any 
paper shall be left to the discretion of 
the Editor of the JouRNAL. 
tions regarding date of 
shall be referred to the 
Committee 
final. 

6. Papers for 
Journal of the Water Pollution 
trol Federation which have not been 
presented at a meeting of the Federa- 
tion or of Member Association 
shall be referred to the Editor for de- 
cision as to their suitability for pub- 
lication. Any disagreement between 
the author and the Editor relative to 
the publication of such papers shall be 
referred to the Publications Committee 
and its decision shall be final. 

7. Special publications issued in the 
name of the Water Pollution Control 
Federation shall be referred to the 
Editor and Publications Committee for 
review prior to publication. 


decision of 


Any ques- 
publication 
Publications 
and its decision shall be 
the 


Con- 


publication — in 


any 


In interpreting the above rules, 
there is no intent to interfere with the 
production of proceedings, bulletins, or 
reports wherein the Member Associa- 
tion distributes the papers presented 
at its meetings to its own membership. 
Where any doubt arises in regard to 
the interpretation of these rules it is 
suggested that the matter be taken up 
with the Executive Secretary-Editor 
of the Federation. 
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Varec’s economical gauge board indicator 
accurately gauges the movement of floating 
cover digesters with a simple working mech- 
anism...displays readings on a 12-foot, 
easy-to-read anodized aluminum gauge 
board installed directly outside the digester. 


The calibrated gauge board shows measure- 
ments in feet and inches...has a 10-foot 
range with an extra 2 feet of pointer meas- 
urement for greater cover or overflow travel. 
It provides ‘quick-at-a-glance’ reading with 
a bright red pointer that contrasts sharply 
against the white aluminum board and large, 
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black numerals. All parts are ruggedly con- 
structed and the working mechanism is 
enclosed in a protective housing. 


VAREC OFFERS POSITION INDICATORS 
FOR ALL DIGESTER COVER NEEDS... 


Other Varec cover position indicators 
include a dial type indicator that registers 
indication within a 10-foot range on a large, 
easily read dial and can be equipped with 
alarm switches. And, for remote control 
reading, Varec provides a highly-accurate 
gauge head indicator that delivers gauging 
accuracy to ¥% inch... adapts for use with 
electrical or pneumatic remote reading or 
control equipment. 


For complete information on all Varec digester 
cover position indicators, write for Varec Cata- 
log No. S-4, Dept. JW P-1221-9 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Alameda Street »* Compton, California 
Branches and Representatives in Principal Cities 


| SIMPLE, ACCURATE METHOD FOR 
DIGESTER COVER POSITION 
a 
4 
i 
TRADE @ MARK 
av 
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MOP 9—SEWER DESIGN AND CONSTRUCTION 


and Construction of Sanitary and Storm 
d in 1960 in cooperation with the 
f Civil Engineers, is MOP 9 in the 

ls of Practice” series 


ige of project planning nvestiga 

gn, construction materials and 

structural requirements of 

wers, and pumping stations are 
strated, 283 page manual 


is now off the press with correc 

For those with the 1960 

ry reprint of the corrected 

his reprint can be cut apart 
pages to be corrected 


included on the Publications 
sissue. The list pi 


is wi 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 76, BG. 
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post vhen remittance mamuth order. For Fea- 
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2 new manuals— 


UTILITIES ACCOUNTING MANUAL 


PLANT OPERATION MANUAL 


manual of practice 10 


manual of practice I1 


Uniform System of Operation of 


Accounts for Wastewater 


Wastewater Utilities Treatment Plants 


A 72-page, completely revised ver- Several years in preparation—re- 


sion of the 1949 accounting manual. cently serialized in the Journal— 


now available as a bound manual. 


Provides the entire accounting pro- A well-illustrated manual of nearly 


cedure for a wastewater utility. 200 pages, packed with information 


of real help to the plant operator. 


For members, $2.00; for others, 


For members, $2.00; for others, 
$3.00. $3.00. 
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| Water Pollution Control Federation 
4435 Wisconsin Avenue, Washington 16, D. C. | 
) Enclosed is remittance for $.......... If invoice is required postage will be | 
added. Checks may be made payable to WPCF. 
| Please send.......... copies MOP-10; .......... copies MOP-11. ] 
i (please print) ] 
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WATER POLLUTION CONTROL PRODUCT GUIDE 


This list of products and services is offered as an information aid. The 
list was derived by solicitation from those firms listed. The JourRNAL will 
make every effort to keep this list current with the help of Associate Mem- 
bers and advertisers. All Associate Members and all advertisers for the past 
year are included. Many of the services and products are advertised in 
this issue. For an alphabetical listing see Index to Advertisers in back 
of Jor RNAL. Write i 


sentative. 


Aerators (also see Diffusers, Air) J). S. Pipe & Foundry Co akeside Engineering Corp 
Alpha Ltd. (Switzerland | R. D. Wood ¢ nk € 
American Well Works | Div. of Pfaudier Per- 
Chicago Pump Ci Cement (see Concrete) | 
Dorr-Oliver Inc | cer Process Equipment Inc. 
Eimco Corp nas rothers Co 
Graver Water Conditioning oe Equipment | Zit er & Francescon 
Infilco Inc > 
Link-Belt Co pisses gee Div. of Pfaudler Per- | Clay Pipe Products 
Pacific Flush Tank C _ W.S. Dickey Clay Mfg. Co. 
Permutit Co., Div. of Pfaudler Per : ndustrial Materials ( 
tit In Chains 

mutit Inc Chain Bel 
Smith & Loveless Link] ge Co insor ay Product Co 
Walker Process Equipment Inc m-Belt 
Wemco Div., Western Machinery C¢ | Coatings and Linings (Pipe and 
Yeomans Brothers ( F | Che mical Feed Equipment Tank) 
Zimmer & Francescor B — Providence Div., B-I-F aa mers 


Agitators pi ntrols C Inc 
Link-Belt Co 

& Porter 

\ 


| t Pip 

Westinghouse Electric Corp Vater Conditioning C c leaning Cx 


Air Compressors (alse e ‘ Jeffr Mig | Stebbir ner. & Mi g. Co 
ers, Compr rs, and Fan I e-Sanderson Engr. Cor 2 

Chicago } i k-Relt P | Comminutors (also see Shredders 

Fairbanks, Morse Div., B-I-F Industrie = rinders) ; 

Komline-Sanderson Engr. Cort rmutit Co., Div. of Pfaudler Per- Ltd ae vitzerland ) 

Worthington Corp mutit Inc We I Ww rks 

Yeomans Brothers (¢ Proportioneers Div., B-I-F Industries Pump ¢ 
Wallace & Tiernan Inc 


Air Diffusers (see Diffusers, Air) ner & Pulverizer Co 


Asbestos Ceme nt P ipe Products Chemicals 
Filtration Eq ent Corp 
Industrial Mat ria hemical Co 
Johns-Manville oe Cor her Scientific Co 
Keasbey & Mattison ( ( Chemical Div., Allied Chem- 
rt 
Ash Handling Equipment Gle ( hemi il Co 
Link-Belt Co. | Hach Cr 
| 


oveless 
sss Equipment Inc 
Corp 


ata 
ss 


Bearings 
Link-Belt Co. Chemists (see Professional Services, onnersville Blo Div. of 


Bins, Storage (see Tanks) : —* his issue) 


Biologists (see Professional Services Chlorination Equipment 
elsewhere in this issue) Builders-Providence Div., B-I-F In- 
Chicago Pu 1p Co ischer orter Ci Browr traments ‘Div 
Roots-Connersville Blower, Div. of iti ning Co. Concentrators (see Sludge Concen- 
Dresser Industries Inc | me trators) 
Sutorbilt Corp | Zimmer & Francescon 
Walker Process Equipment Inc Concrete 
Yeomans Brothers Co Clarifier Equipment (also see I nd Cement Assn 
Zimmer & Francescon Sedimentation Equipment) 
| pha Ltd. (Switzerland) Concrete Pipe Products 
in Well Works American Concrete Pressure Pipe 
ph B. Carter Co Assr 
Belt Ce American-Marietta Co 
Pump Co Ir trial Materials Co 
Bac Lock Joint Pipe Co 
Price Brothers Co 


Boilers 
Combustion Engineering, Inc 


| 
| 
| 
| 


Building Maintenance Equip- 
ment and Supplies 
Homestead Valve Mfg. Co 


er Conditioning Co 
Inc Construction Equipment 
n Chain Belt Co 
py Mig ‘ Eimco Corp 
iline-Sanderson Engr. Corp Worthington Corp 
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Cast Iron Pipe Products 
American Cast Iron Pipe Cx 
Cast Iron Pipe Research Assn 
Industrial Materials Co 


| 
id 
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effrey Mfg 
mith & I 
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Compressors 
Chicago Pump Co 
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WPCFE publications 


Safety in Wastewater Works Uniform System of Accounts for 
Information on hazards, accident statis- Wastewater Utilities 
tics, rescue methods, safe practices, and 


A letel 
equipment. 56 pages. $0.75 to members; Completely revised, 72-pege manuel 


of the 1949 accounting manual. Provides 

$1.50 to others. Item MOP-1.* entire accounting procedure for a 

las . utility. $2.00 for members; $3.00 for 
rete of Sewage Sludge as others. MOP-10.* 


An authoritative evaluation of advan- P 
tages and limitations of sludge as a soil Operation of Wastewater 
. conditioner. 120 pages. $0.75 to mem- Treatment Plants 


bers; $1.25 to others. Item MOP-2.* Recently serialized in Journal, now bound 


as a manual. Tremendously helpful for 
Air Diffusion in Sewage Works plant operators, with nearly 200 pages, 

: History and modern practice in design, fully illustrated. $2.00 for members; $3.00 
installation, operation, and maintenance of for others. MOP-11.* 


diffuser systems and appurtenances. 75 
. $1.00 t bers; $1.25 to others. 
Twenty-Year Index to Sewage 
Works Journa 
Units of Expression for Wastes c / 
4 Waste overs Sewage Works Journal, 1928- 
an 1948. Author, subject, and geographic. 


Lists of recommended units for quantities 144 pages. Buckram bound, $3.00. Item 
ordinarily encountered in wastes and waste Dex-20. 
treatment. 8 pages. $0.25 to members; 
$0.50 to others. Item MOP-6.* 


Ten-Year Index to Sewage and 


Sewer Maintenance Industrial Wastes 

A guide for maintaining a municipal or Covers Sewage and Industrial Wastes, 
industrial drainage system in serviceable 1949-1958. Author, subject, and geo- 
condition. 64 pages. $1.00 to members; graphic. 168 pages. Buckram, $4.00; heavy 
$1.50 to others. Item MOP-7.* paper, $3.00. Item Dex-10. 


Sewage Treatment Plant Design Glossary—Water and Sewage 


Prepared jointly with ASCE. Detailed 
presentation of the subject. 375 pages. Control Engineering 
$3.50 to members; $7.00 to others. Item Prepared jointly by the Federation, ASCE, 
MOP-8.* AWWA, and APHA. 2,600 terms per- 

taining to nomenclature. 274 pages. 

Design and Construction of $1.00. Item Gl. 
Sanitary and Storm Sewers : 

Prepared jointly with ASCE. Detailed Binder 
presentation of the subject. Issued early Multiple wire, 2-in. capacity, for all 
in 1960, now reprinted with extensive cor- MOP’s listed except 8 and 9. $2.00. 
rections to several pages. (Complimentary Item Bi.* 
reprint of the corrected pages available 
for 1960 edition.) 283 pages. $3.50 to * Discount of 15% on orders for 12 or 


$7.00 to others. 


members; Item MOP-9.* more of any one manual. 


| Water Pollution Control Federation 
| 4435 Wisconsin Avenue, Washington 16, D. C. 


| _ Item | Copies Cost || Item “Copies ¥ _ Cost Item | C Copies Cost 
| = -MOP-2 | MOP-P Dex-10 

t | =| MOP-10 Gi. 


| Enclosed is remittance for $ “hw * 
If an invoice is necessary, postage will be added. Checks may be made payable to WPCF. 
| Member Association 


(Please Print) 


| Street 
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Controls (also see Instruments, Re- 
cording and Control) 
Builders-Providence Div., B-I-F In- 

dustries 
Capital Controls Co., Inc 
Chicago Pump Co. 
Fischer & Porter Co 
Foxboro Co 
General Electric Co 
Homestead Valve & Meter Co 
Infilco Inc 
Minneapolis-Honeywell Regu 
Brown instruments Div 
Ohmart Corp 
wee Instruments Div., Penn Meter 
Permutit Co., Div. of Pfaudler Per- 
mutit Co. Inc. 
Rockwell Mig. Co 
Wallace & Tiernan Inc 
Westinghouse Electric Corp. 
Worthington Corp. 


Conveyors 
American Well Works 
Chain Belt Co 
Chicago Pump Co. 
Jeffrey Mig. Co. 
Link-Belt Co. 

Stuart Corp. 


Corrosion tion 
Amercoat Cx 

Chicago Pun 0 

Inertol Co., Inc 
Johns-Manville Sales Corp 
Koppers Co., Inc 

Lock Joint Pipe Co 
Perry-Austen Mfg. Co 
A. O. Smith Corp 
Stebbins Engr. & Mig. Co 
Wallace & Tiernan Inc 


Couplings 
Link-Belt Co. 


Diffusers, Air (also see Aerators) 
Alpha Ltd. (Switzerland) 

American Well Works 
Carborundum Co 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp 

Infilco Inc 

Lakeside E ngineerir ng Co 


Flush Tank Co 
Walker Process Equipment Inc 
Wemco Div., Western Machinery Co 
Zimmer & Francescon 


Diffusers, Gas (also see Aerators) 
American Well Works 

Carborundum Co 

Chicago Pump Co. 

Eimco Corp. 

Infilco Inc. 

Walker Process Inc 
Yeomans Brothers Cx 


Digestion Tank Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 

Ralph B. Carter Co 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp 

Gorman-Rupp Co. 

Hardinge Co., Inc. 

Infilco Inc. 

Jeffrey Mig. Co 

Lakeside Corp 
Link-Belt Co 

Pacific Flush Tank Co. 

A. O. Smith Corp. 

Smith & Loveless 

Varec, Inc. 

Walker Process Equipment Inc 
Yeomans Brothers Co 

Zimmer & Francescon 


Distributors, Rotary 
Alpha Ltd. (Switzerland) 
American Well Works 
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Ralph B. Carter Co. 
IT — Inc 


nfil 


R 
D 
Ei 
Ir 
“ ide Es ngineering Corp. 


Tank Co. 
nith & Loveless 
ilker Process Equipment Inc. 
n Brothers Co 
nmer & Francescon 


Dryers 
Alpha Ltd. (Switzerland) 
bustion Engineering, Inc 


Inc 
ine-Sanderson 


Engr. Corp. 


& Research Corp 


jJec ‘tors 


ne-Sanderson Engr. Corp 


rothers Co 


(see Professional Services, 
é where in this issue) 

Engines (Sludge Gas and Pe- 
troleum Fuels) 

Fairbanks, Morse & Co 

Waukesha Motor Co 

Worthington Corp 


Fans (also see Air Cx 
Blowers, and (¢ 
cag ump Ce 
ngineering Corp 
Electric Corp 


sympressors, 
ompressors 


Filter Equipment, 
Alpha Ltd 
A 


Trickling 
(Switzerland) 
Well Works 
B. Carter Co 
Dickey Clay Mfg. Co 
r-Oliver Inc 
Chemical Co 
{ rp 
Equipment Corp. 
Mat erials Co 


y "k Mattison Co 
*-Sanderson Engr. Corp. 
Engineering Corp 
& Resear h Corp 


ter Floor Inst 
juipment Inc 
Co 
nmer & Francescon 


Filter Materials 
Carborundum Co 

Filtrat Ex Corp 
Glenn hemical 

Graver Water Cx Co 
Industrial Materials Co 
Johns-Manville Sales Corp 


Filters, Diatomaceous Earth 
Graver Water Conditio ming Co 
Brothers Co 


eomar 


Filters, Vacuum (also see Vacuum 
achine Co. 
Dorr-Oliver Inc 
Ein Corp 
Proportioneers Div., B-I-F Industries 
Floceulating Equipment 
Alpha Ltd. (Switzerland) 
Well Works 
» B. Carter Co. 
Co 
Dorr Ctiver 
Eimco Corp 
Graver W ater Conditioning Co 
Hardinge Co., Inc. 


Infileo Inc. 

Jeffrey Mig. Co. 

Lakeside Engineering Corp. 

Link-Belt Co 

Permutit Co., Div. of Pfaudler Per- 
mutit 

Stuart Cx 

Walker Proc ess Equipment Inc. 

Zimmer & Francescon 


Flotation Equipment 

Chain Belt Co. 

Dorr-Oliver Inc 

Ein Corp 

Graver Water Conditioning Co. 
<omline-Sanderson Engr. Corp. 
Yeomans Brothers Co 


Flow Measurement 
Filtration Equipment Corp. 
F. B. Leopold ¢ Inc 
Penn In Div 


Co 


Penn Meter 


Gas Control Equipment 
td. (Switzerland) 
arter Co 

( h cag um p Co 

Dorr-Oliver Inc 

Eime 


tead Valve Mfg. Co. 
Flush Tank Co 

Instruments Div., Penn Meter 
( 

Rock well Mfg. Co 

Varec, Inc 

Wa alker Process Equipment Inc. 

Zimmer & Francescon 

Gas Diffusers (see Diffusers, Gas) 

Gas Holders, 
, purtenances 
ph B. Carter Co. 


Boilers, and Ap- 


hicago Pump Co. 
rr-Oliver Inc 
it Corp 
Johns-Manville Sales Corp 
Walker Process Equipment Inc. 


Gaskets 
hns-Manville Sales Corp. 


Keasbey & Mattison Co 


Gates 

Armco Drainage & Metal Products, 
Inc 

Filtration Equipment Corp. 

Industrial Materials Co 

Snow Gates & Valves, Inc. 


Generators 

Fairbanks, Morse & Co. 
General Electric Co 
Westinghouse Electric Corp. 
Worthington Corp 


Grease Control Materials 
Rhodia Inc 


Grinders (also see Shredders and 
(Switzerland) 
in Well Works 
Co 
Dorr-Oliver Inc 
Gruendler Crusher & Pulverizer Co 
Jeffrey Mfg. Co 
Yeomans Brothers Co 


Grit Collection and Condition- 
ing Equipment 

Alpha Ltd (Switzerland) 

A meric Well Works 

Chain Belt Co 

Chicago Pump Co. 

Dorr-Oliver Inc. 


fe firey 
nk-Be 
art 
Walker Process Equipment Inc. 
Zimmer & Francescon 


4 : 
Kor 
Link Be t ¢ 
| Nichols Engr. 
Stuart Corp. 
Tex-Vit Mfg. 
Yeomans 
: 

D 
Kea 

Lake * 
Nick 
4 Pacifi 
Sr 
T 
7 
\ 
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PROCEEDINGS OF MEMBER ASSOCIATIONS 


NEW JERSEY WATER 
POLLUTION CONTROL 
ASSOCIATION 


The 46th Annual Meeting of the New 
Jersey Water Pollution Control Asso- 
ciation was held at the Traymore Hotel, 
Atlantie City, Mar. 15-17, 1961. At- 
tendance totaled 510, of which 58 were 
ladies. 

The Federation exhibit received 
much attention and favorable comment. 
Robert A. Canham of the Federation 
staff was present to give information 
about the exhibit to those who visited 
it. 

Mark D. Hollis, Federation Past 
President, presented greetings from 
the Federation and also a report on the 
National Conference on Water Pollu- 


tion Control. He presented the Bedell 
Award to Andrew Palmer, Superin- 
tendent and Secretary of the Joint 
Meeting of Plainfield, Dunellen; and 
the Hatfield Award to Edward F. Law- 
ler, Superintendent of the sewage treat- 
ment plant and sanitary sewers of Lit- 
tle Falls. Dr. Hollis noted many fav- 
orable comments about the name change 
of both the Federation and the local 
Association. 
Papers of interest were: 


‘*Stream and Estuary Oxygen Bal- 
anee,’’ by Donald J. O’Connor, As- 
sistant Professor, Department of Civil 
Engineering, Manhattan College, New 
York, N. Y. 


(Continued on page 647a) 


VERSATILE... COMPACT 
ODORLESS 


Above Ground 
Sewage Lift Station 


Lower Purchase and Maintenance 
cost 

@ Maintenance Ease 

@ Most accessible impeller on the 
market 

@ Exclusive Davco non-clog 
self priming sewage pump. 


Write today for 
complete details and specifications 


DEPENDABLE... AUTOMATIC 


a 
3 
‘6 
3 
a 
: 
conomtical \ & 
ag 
led 
P.O.BOX 270 - THOMASVILLE, GEORGIA CA 6-6458 
. 


Grounds Maintenance Equip- 
ment and Supplies 


Homestead Valve Mfg. C« 


Heating Equipment for Diges- 
ters and Buildings 

Alpha Ltd. (Switzerland) 

Ralph B. Carter Co. 

Chicago Pump Co 

Dorr-Oliver Inc. 

Eimco Corp 

General Electric Co. 

Infileo Inc 

Link-Belt Co 

Pacific Flush Tank Co 

Walker Process Equipment Inc 


Incinerators 

Combustion Engineering, In 
Nichols Engr. & Rese parch rp 
Walker Process Equipment Inc 
Zimpro, Div. of Sterling Drug Inc 
Insect Control 
Brooks Chemicals, 
Glenn Chemical Co 


Inc. 


Inspection, Sewers 

Centriline Corp. 

Inspectoline Inc 

National Water Main Cleaning C 

Instruments, Rec ording and 
Control (also see Contr and 
Recorder 

Builders- Providence 
dustries 

Fischer & Porter Co. 

Fisher Scientific Co 

Foxboro 

Generi Electric Co 

Hach Co 

Infilco Inc. 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 

Ohmart Corp 

Instruments 


B-I-F In 


Div., 


Div., Penn 
Rock well Mfg Co 
Wallace & Tiernan Inc 


use Electric Corp 


lon-Exchange Equipment 

Brooks Chemicals, Inc 

Permutit Co., Div. of P 
mutit Inc 

A. O. Smith Corp 


faudler Per- 


Jointing Materials 
American Concrete 
Assn 
W. S. Dickey Clay 
Keasbey & Matti 
National Clay Pipe Mfr 
Perry-Austen Mig. Co 
Robinson Cc ay 
Stebbins Engr 


Pressure 


Mig. Co 


Product Co 
& Mig. Ce 


Joints, Mechanical 
American Cast Iron Pipe Cc 
W.S ay Mf 
Johns-Manvi ] 
Robinson C lay Product 
Smith-Blair, Inc 

U. S. Pipe & Foundry Cx 


Laboratory 
Supplies 

Filtration Equipment Corp 

Fisher Scientific Co 

General Chemical Div., 
ical Corp 

Hach Co. 

Stuart Corp. 


Equipment 


Allied Chem- 


Lift Stations 
Davco Corp. 

Smith & Loveless 
Tex-Vit Mfg. Co. 
Yeomans Brothers Co. 


Lighting Fixtures 
General Electric Co. 
Westinghouse Electric Corp. 


Meter | 
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Lubricants 

Homestead Valve Mig. Cc 
Johns-Manville Sales Corp 
Manhole 
Varec, Ir 
Masonry 


and Inlet Castings 
rietta Co 


Building Materials 
irietta C 

t Assn 

Price. 3rothers Co 

Boxes 

Johns-Manville Sales Corp 

Meters (Sewage, Sludge, Water, 
Air, and Gas) 

Builders-Providence 


Cemen 


Div., B-I-F In- 
irter Co 
juipment Corp 


mneywell Regulator Co 
ent nV 
Div., 


Penn Meter 


Blower, 
t n¢ 
ind Meter Co. 
rthington Corp 


Div. of 


Devices 
(Switzerland) 
Well Works 


‘arter Co 


Mixing 


Process Equipment Inc 
Div., Western Machinery Co 


Motors 


orp 
Electric Corp 
1 Corp 
Nozzles, Spray 
Spr Engineering Co 
Odor Control Materials 
Airkem, Inc 
Brook hemicals, Inc 
Ir VeX 
Rhod 
Tennesse rp 
Wallace & Tiernan Inc 
Odor Counteractants 
rk I 
B hemicals, Inc 
Invex 
Rhodia 


Package Treatment 
Chain Belt Co 
Chicago Pump Co 
Dorr-Oliver Inc 
Infi I 
Municipal Service Co 
ith & Li veless 

Equipment Inc 

s Cc 


Packing 

Johns-Manville Sales Corp 

Keasbey & Mattison C: 

Paints and Protective Coatings 


& Mfg. Co 
Asbestos Cement 
| Materials Ce 
inville Sales Corp 
& ‘Mattison Co 
Cast Iron 
i Cast Iron Pipe Co 
Cast Iron Pipe Research Assn 
Griffin Pipe Div., Griffin Wheel Co. 


Pipe, 
Amer 


justrial Materials Co 
Pipe & Foundry Co. 
Wood Cx 


Pipe, Clay 
W. S. Dickey Clay Mfg. Co 
Materials 
il Clay Pipe Mfrs., Inc. 
ison Clay Product Co. 
Pipe Cleaning 
Centriline 
Flexible In 
Homeste Mfg. Co 
Inspe e 
Natior Main Cleaning Co. 
W. H. Stewart, Inc 
Pipe and Linings 
at Corp 
Pipe & Construction Co 
> Corp 


iter Main Cleaning Ce 
Mfg. Co. 
& Mig 


Concrete 
Concrete 


usten 
s Engr Co 
Pipe, 
Americar Pressure Pipe 
Marietta Co 
Pipe & Construction Co. 
nt P ipe Co 


grothers Co 


Fiber 
Products Co 


Fittings 
n Cast Iron Pipe Co 
pe Research Assn 
lay Mig Co 
Griffin Wheel Co 
n 


American- 


Price 
Pipe, 
Sonor 


Pipe 
Amer 


undry Co 


Pipe Jointing Materials (see 


Jointing Materials) 


Pipe, Plastic 


Pipe, Repairs 
Centriline Corp 


Smith-Blair, Inc 

Steel 

Pipe & Construction Co 
age & Metal Products, 


Pipe, 
American 
Ar Drair 
Ir 
Keasbe. 
4.0 


Plastic 


& Mattison Co 
ith Corp 


Pipe Products 


t lastic Co 
y & Mattison Co 
Joint Pipe Co 


Publications 


Liverpool University Press (England) 

Public Works Magazine 

Wastes Engineering Magazine 

Water & Sewage Works 

Pump Controls 
’rovidence 


Div., B-I-F In- 
‘ump Co 
rter Co 


ectric C 

lis-Honeywell Regulator Co., 
Instruments Div 
Instruments Div., Penn Meter 

well Mfg. Co 

ith & Loveless 
nghouse Electric 

orthingt Corp 
Zimmer & Francescon 


Corp 


[Bis : 
1 
R 
| Ralph B. 
| Filtration I 
Foxboro Cx | 
is-H Lock J 
Brown Instr Nat 
| 
| R — 
| 
W 
Americ 
Chain Belt Co 
Dorr-Oliver Inc. 
n ne Ca 
Jeffrey Mfg. ( 
Walker 
Wem 
<4 Chicago Pump Co Robinson Clay Product Co. 
Fairbanks, Morse & Co Smith-Blair, Inc 
ee Link-Belt ( R. D. Wood C 
| 
Amercoat Corp 
Evanite Plastic Co : 
ned Lock Joint Pipe Co. 
ge Pipe | 
| Amer 
Ev 
Lox 
| 
and | 
| 
A 
Inertol Co., Inc 
Koppers ( Inc Chicag 
é Perry-Austen Mfg. Co Fi cher & 
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‘*Microbiology of the Purification of 
Water,’’ by H. Heukelekian, Chairman, 
Department of Sanitation, Rutgers Uni- 
versity, New Brunswick. 

“The New Jersey 
Robert S. Shaw, 
Division of 


Program,’’ by 
Assistant Director, 
Environmental Health, 


b47a 


‘Effect of Stream Conditions on 
Treatment Plant Design,’’ by John J. 
Baffa, Consulting Engineer, New York, 

‘*Rocket Propulsion Creates New 
Wastes Treatment Concepts,’’ by James 
M. Langford, Supervisor, Waste Con- 


Trenton. 

‘‘Loeal Action Through Watershed 
Operation,’” by Robert J. Budrick, 
Sanitary Engineer, Jersey 
City Water Works, Boonton. 

‘*Fish and Game Commission,’’ by 
A. Heaton Underhill, Director, Depart- 
ment of and 


trol, Reaction Motors, Ine., Denville. 

‘*Some Aspects of Metering Wastes 
and Sewage,’’ by H. Kipp, Sales Engi- 
neer, Simplex Valve and Meter Co., 
Laneaster, Pa. 

‘*pH Control in Plant Wastes,’’ by 
A. G. Van Stolk, Wallace and Tiernan 
Ine., Belleville. 

‘*Modern Instrumentation on the 
Delaware River—Today’s Watchdog 
for Water Quality. Tomorrow’s Key 
to an Improved, Abundant Supply,’’ 
by Frank L. Mascitti, Market Manager, 
Minneapolis-Honeywell Regulator Co., 
Philadelphia, Pa. 

‘**Finaneial Aspects of the Bergen 
County Sewerage Authority,’’ by Harry 


Principal 


Conservation Economie 
Development, Trenton. 

‘“The Program of the Interstate Sani- 
tation Commission,’” by Thomas R. 
Glenn, Jr., Director, Chief Engineer, 
Interstate Sanitation Commission, New 
York, N. Y. 

‘*Water Pollution Control Program 
and Responsibilities of the Publie 
Health Service,’’ by Sylvan C. Martin, 
Regional Engineer, USPHS, New York, 


Wi 3 (Continued on page 649a) 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are ‘ Parker- 
ized” for protection against rust and corro- 
sion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW Gates & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 
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Pumps, Airlift 

Davco Corp 

Walker Process Equipment Inc 

Pumps, Chemical Feed 

Proportioneers Div., B-I-F Industries 

Pumps, Gas 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc 

Sutorbilt Corp 

Pumps, Grit 

Nagle Pumps, Inc. 

Pumps, Sewage 

Alpha Ltd. (Switzerland) 

American Well Works 

Aurora Pump Div., The New York 
Air Brake Co 

Chicago Pump Co. 

Davco Corp. 

Eimco Corp 

Fairbanks, Morse & Co. 

Gorman-Rupp Co 

Infilco Inc 

Ingersoll-Rand Co. 

Marlow Pumps, Div. of Bell & Gos- 
sett Co 

Smith & Loveless 

Sutorbilt Corp 

Wallace & Tiernan In 

Wemco Div., Western Machinery Cc 

C. H. Wheeler Mfg. Co 

Worthington Corp 

Yeomans Brothers Co 

Zimmer & Francescon 

Pumps, Sludge 

Alpha Ltd. (Switzerland) 

American Well Works 

Aurora Pump Div., The New York 
Air Brake Co 

Ralph B. Carter Co. 

Chicago Pump Co 

Dorr-Oliver Inc 

Eimco Corp 

Fairbanks, Morse & Co 

Gorman-Rupp Co 

Hardinge Co., Inc 


Infilco Inc 

Komline-Sanderson Engr. Corp 

Manton-Gaulin Mfg. C Inc 

Marlow Pumps, Div. of Bell & Gos- 
sett Co 


Nagle Pumps, Inc 

Sutorbilt Corp 

Wallace & Tiernan Ir 

Wemco~Div., Western Machinery Co. 

Worthington Corp 

Yeomans Brothers Cx 

Zimmer & Francescon 

Pumps, Vacuum 

Ingersoll-Rand Co. 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc 

Sutorbilt Corp 

C. H. Wheeler Mfg. Co 

Pumps, Water 

American Well Works 

Aurcra Pump Div., The New York 
Air Brake Co 

Ralph B. Carter Co 

Chain Belt Co 

Chicago Pump Co. 

Eimco Corp 

Fairbanks, Morse & Co 

Gorman-Rupp Co 

Ingersol-Rand Co 

Marlow Pumps, Div. of Bell & Gos- 
sett Co 

Wallace & Tiernan Inc 

C. H. Wheeler Mig. Co 

Worthington Corp 

Yeomans Brothers Co 

Zimmer & Francescon 


Radiation 
ment 

Westinghouse Electric Corp 

Radios, Mobile 

General Electric Co 

Recorders (also see Instruments, 
Recording, and Control) 

Builders-Providence Div., B-I-F In- 
dustries 


Monitoring 


Equip- | 
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Fischer & Porter Co 

Fisher Scientific Co 

Foxbor 

General Electric Co 

Minneapolis-Honeywell Regulator Co., 
Bre Instruments Div 

Ohmart Corp 

Penn Instruments Div., Penn Meter 
( 

Wallace & Tiernan Inc 


Refractory Building Materials 
Carborund C 


Johns-Manville Sales Corp 


Rot Clay Product Co 
Ste Engr. & Mig. Co 
Safety Equipment 

Vare Inc 

Sampling Equipment 
Chicago Pump Cx 

Infi Ir 


Lakeside Engineering Corp 
Sand, Gravel, and Stone 
Graver Water Conditioning Co 
Screening Equipment 
a Ltd. (Switzerland) 
Well Works 
Belt Cx 
hicago Pun p Co 
rr-Oliver Inc 
Bay Foundry & Machine 
rk 
Inc 
re Mig. Co 
k-Belt ¢ 
ilker Process Equipment Inc 
“A er & Francescon 
Sedimentation Equipment (also 
ee Clarifier Equipment) 


Alpha Ltd. (Switzerland) 

Ame Works 

Ralpt! Cc 

Chai 

Dorr-O 

Eir Corp 

Graver Water Conditioning Co. 
Hardinge C ne 

Inf Inc 

Jeffrey Mfg. Co 

K e-Sanderson Engr. Corp. 
Lakeside Engineering Corp 
Link-Belt 

Walker Process Equipment Inc 
Ye 4 Brothers 

Sewer Cleaning Equipment 
Flexible Ir 

Homestead Valve Mig. C 
National Water Main Cleaning Co. 


W. H. Stewart, Inc 


Sewer Inspection (see Inspection, 
oewers) 

Shredders (also see Comminutors 
ind Grinders) 

Alpha Ltd. (Switzerland) 

Chain Belt ¢ 

r-Oliver Inc 

dler Crusher & Pulverizer Co 

y Mfg. Co 

Srothers Co 


Siphons 

Alpha Ltd. (Switzerland) 

Ameri Well Works 

Ralph B. Carter Co 

Corp 

Infi 

Lakeside Engineering Corp. 

Pacific Flush Tank Co. 

Yeomans Brothers Co 

Sludge Concentrators 

Eir Corp 

Nichols Engr. & Research Corp 

Sludge Flotation Equi pment (see 
Flotation Equipment) 

Sludge Handling and Control 

Chain Belt Co 

dorr-Oliver Inc. 

( 


I orp 
Mig. Co. 


im 
Jeffrey 


Link-Belt Co. 

Nichols Engr. & Research Corp 
Walker Process Equipment Inc 
Zimpro, Div. of Sterling Drug Inc. 
Sludge Kemoval Equipment 
Jeffrey Mig. Co 

Link-Belt Co. 

Webster Mfg., Inc 

Zimpro, Div. of Sterling Drug Inc. 
Sludge Shredders 

Alpha Ltd. (Switzerland) 

sruendier Crusher & Pulverizer Co 
Mig. Co 


Spray Nozzles (see Nozzles, Spray) 


Sprockets 

Chain Belt Co. 

Link-Belt Co 

Steel Pipe Products 

Armc Drainage & Metal Products, 
Inc 


Structural Metal 
Alpha Ltd. (Switzerland) 


Switchgears 

Alpha Ltd. (Switzerland) 
General Electric Co. 
Westinghouse Electric Corp. 
Worthington Corp 


Tanks 
Chain Belt Co 
Link-Belt C 


A. O. Smith Corp. 

Stebbins Engr. & Mfg. Co 
Television, Closed Circuit 
Inspectoline Inc 

Tools 

Flexible Inc 


Transformers 


Alpha Ltd. (Switzerland) 
General Electric Co 
Westinghouse Electric Corp 


Trickling Filter Equipment (see 
Filter Equipment, Trickling) 

Trucks and Tractors 

Eimco Corp 

Turbines 

Worthington Corp. 


Vacuum Filters (also see Filters, 
Vacuum) 
Bird Machine Co 

Dorr-Oliver Inc 

Eimco Corp 

Komline-Sanderson Engr. Corp 
Proportioneers Div., B-I-F Industries 
Valve Converters, Automatic 

C. H. Wheeler Mfg. Co. 

Valves and Gates 


Armco Drainage & Metal Products, 
I 

Builders-Providence Div., B-I-F In- 
dustries 

DeZurik Corp 

Filtration Equipment Corp 


Homestead Valve Mig. Co 

Industrial Materials Co 

Iowa Valve Co 

Mueller Co 

Rockwell Mfg. Co 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc 

Simplex Valve and Meter Co. 

A. P. Smith Mfg. Co 

Snow Gates & Valves, Inc. 

Westinghouse Electric Corp. 

W-K-M Div. of ACF Industries, Inc. 

R. D. Wood Co 

Yeomans Brothers Co 

Vessels (see Tanks) 


Weighing Devices 
Builders-Providence Div., B-I-F In- 
dustries 

Fairbanks, Morse & Co 

Fisher Scientific Co. 

Wallace & Tiernan Inc 
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A. Forsthoff, Executive Director, 
Hackensack. 

‘The Developer’s Point of View on 
Sewage Treatment Problems,’’ by Rich- 
ard C. Goodwin, President, Goodwin 
Homes, Ine., Haddonfield. 

Officers for 1961-62 are: 

President: John Frazee, Camden. 
ist Vice-President: Charles Saunders, 

Linden. 
2nd Vice-President: William H. Hig- 

gins, Trenton. 
3rd Vice-President: Robert Annett, 

Glen Rock. 

Secretary: Anthony T. Leahey, Tren- 
ton. 

Treasurer: Henry Van Der Vliet, Ruth- 
erford. 

Director: John J. Horgan, Hackensack. 


Antuony T. LEAHEY 
Secretary 


LOUISIANA CONFERENCE ON 
WATER SUPPLY AND 
SEWERAGE 


The 24th Annual Louisiana Confer- 
ence on Water Supply and Sewerage 
was held Mar. 15-17, 1961, at the Lou- 
isiana State University, Baton Rouge, 
La. The Louisiana Conference is con- 
ducted as a short course for superin- 
tendents and operators of water, sew- 
erage, and industrial waste disposal 
systems, with registration through the 
Extension Division of Louisiana State 
University. There was a record at- 
tendance of 272 

Harry E. Schlenz, WPCF Vice-Pres- 
ident, represented the Federation. At 
the Annual Banquet, he spoke on water 
pollution control and public relations, 
a challenge to the profession and the 
Federation. 

Many interesting papers were pre- 
sented. Among those of particular in- 
terest were: 

**Combating Septic Sewage Prob- 
lems,’’ by James F. Coerver, Chief, 
Water Supply and Waste Disposal See- 

(Continued on page 651a) 


PRIMARY SETTLING 
OR 
VACUUM FILTRATION 


FERRIC ricfloc” 


Ferri-Floc is your best Coagulant. Ferri-Floc 
has eliminated stubborn Coagulant problems 
in all sections of the country. It is effective, 
economical, and easy to handle. 


We have Trained Consultants who would 
be pleased to come to your plant and 
assist you with any Coagulation problem 
you may have. 


* PARTIALLY HYDRATED, 
CONTAINS 20% FERRIC IRON 


Phone JAckson 3-5024, Atlanta, or write 


TENNESSEE CORPORATION 
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DESIGN MANUALS / 


“Sewage Treatment Plant 


¢ TREATMENT PLANT 
DESIGN 


Design,” 374 pages of the 


latest information for those 
interested in plant design. 


(WPCF MOP 8). 


e SEWER DESIGN AND 
CONSTRUCTION 


“Design and Construction of 


Sanitary and Storm Sewers,” the 


widely used sewer manual con- 


COMPANION VOLUMES 


taining 283 pages of comprehensive 


IN THE 


information, including more than 100 


illustrations. (WPCF MOP 9). 


FEDERATION 


MANUAL 
Each manual is offered to members at 


$3.50, and to others at $7.00. 


SERIES 


(Produced Jointly 
with ASCE) 


Bring your reference library up to date with 


the addition of these authoritative volumes. 


See Publications Page in this issue for other 


details and convenient order coupon. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D. C. 
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tion, Louisiana State Board of Health. 

‘““Sewage Collection System Mainte- 
nanece,’’ by Edmond E. Dupre, Super- 
intendent, Sewerage Department, La- 
fayette. 

‘*Maintenance and Operation of Oxi- 
dation Ponds,’’ by A. B. Ritter, Chief, 
Insect Vector and Rodent Control See- 
tion, State Board of Health. 

‘*Removal of Color from Kraft Pulp 
Mill Effluents,’’ by Herbert F. Berger, 
National Council 
for Stream Improvement; and Albert 
J. Herbert, Research Associate, Louisi- 
ana State University, Engineering Ex- 
periment Station. 

Measurement Techniques,’’ by 
Gerald D. Healy, Jr., Regional Engi- 
neer, State Board of Health, Monroe. 

“*Underground Disposal of Oil Re- 
finery Sour Water Wastes,’’ by Ben 
Graves, Supervisor of Waste Disposal, 
Shell Oil Co., Noreo. 

‘Recent Field and Laboratory <Ac- 
tivities of the Division of Water Pollu- 


Regional Engineer, 


bol i 


tion Control,’ by Richard Gregg, bi- 
ologist, Division of Water Pollution 
Control, Louisiana Wild Life and Fish- 
eries Commission. 

Biological Filtration Process,’ 

William A. Wintz, Associate Pro- 
fessor of Civil Engineering, Louisiana 
State University. 

‘*Water and Sewerage Works As- 
sistance Programs,’’ by John T. Cham- 
bers, Jr., Public Health Engineer, State 
Board of Health. 


Officers for 1961 are: 


by 


Chairman: W. M. Tatum, Jr., Newell- 
ton. 

Vice-Chairman: Gerald D. Healy, Mon- 
roe. 

Secretary-Treasurer: George H. West, 
Lake Charles. 

Director: Edmond E. Dupre, Lafayette. 


GeorGE H. West 
Secretary-Treasurer 


(Continued on page 652a) 


alists 


* Sewer and Pipe 
* Sewer Rods 


* Sectional Steel Rods 


* Complete Sewer Cleaning Machines 


* Braces and Guides 
* Buckets, Root Cutters, Drag Tools 


Save the cost of experimenting. Consult Stewart for any prob- 
lem in the specialized field of pipe cleaning. 


W.H. STEWART, ING. 767, syacse 


Cleaning Equipment 
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Personnel 
Service 


able” and “Personnel Wanted’’ only. Rates 
per line, with minimum of $5.06 Deadline fo 
10th of the month preceding the issue desired 
copy to Classified é 
Control Federation, 443 Wisconsin Ave W ashingte 

Send replies t ame address for ads with 


16, 


Clusssped ads will be accepted jor “Per 


idvertising Dept., Water 


D. C. 


JournaL box numbers. 


Personnel Wanted 


Sanitary 


engineer with sales experience. Op- 
portunity unlimited with West Coast representative ot 
major line of sanitar I 
mit complete resume 


Sub 


1 waterworks equipment 
sox CD-1 JOURNAL WPCF 


Phoenix, Arizona. 

45. $7920-$10,02 ry | 
depending on qualifications) generous fringe benefits 
Live in the fabu 


nation’s fastest growing tie Considerable experier 


in 


us “Valley the Sun one 


‘ 
Sanitary engineering and her phases of wate 


sewage works; 4-yr college or university graduat 


degree in ani 
major. Must be registered professional enginee in Stat 
7 wr 1 R bert 


ngton 


ot 


sanitary vil engineering 


Arizona within 1 y i 
Galloway, Personne! Supervisor 


+ W. Washi 


Phoenix, Ariz 


Sanitary engineer—Age 2 


CAREER OPPORTUNITY 


STATE OF VERMONT 


LABORATORY SUPERVISOR 
WATER POLLUTION CONTROL 


The Vermont Dept. of Water Resources 
seeks a supervisor for its water pollution 
control laboratory the 
knowledge of the p 


lires a horough 
les and practices 


of analytical cl 1 thorough 
knowledge of moder ical laboratory 
methods, equipment material; as well 


as a knowledge of biology, bacteriology, 
and nuclear ‘ re nts Must have a 
degree in « i al engineer 
ing, with 5 yr in chemistry, of 
which 2 yr ha t water pollution 
control chemistry 
visory category 
lenging work in a 
laboratory. Merit 
paid annual and sic 
paid holidays, regu 
satisfactory service 
security benefits. plus opt 
pitalization, and li 
Location in the capital of the 
State of Vermont 


group hos 


fe insurance coverage 
recreation 


Applications and further information 
available from the Dept. of Water Re 
sources or Personnel Div., State Dept. 
of Administration, Montpelier, Vermont. 
$6630-—$8372. 
appointment 


Annual salary range 
Depending on recruitment, 
to be made within this range 


WPCF 


WEST VIRGINIA WATER 
POLLUTION CONTROL 
ASSOCIATION 


The 15th Annual Meeting of the 
West Virginia Water Pollution Control 
Association held in conjunction 
with the 33rd Annual Meeting of the 
West Virginia Section of the American 
Water Works The joint 
meeting was held at the West Virginian 
Hotel, Bluefield, W. Va., Apr. 6-7, 
1961. Attendance at the meeting to- 
taled 165 men and 21 ladies. 

Harry E. Schlenz, WPCF Vice-Pres- 
ident, represented the Federation at 
the meeting. His diseussion at the 
Thursday Joint Luncheon covered Fed- 
eration activities, challenges in the wa- 
ter pollution control field, the National 
Conference, legislation, and others. 


was 


Association. 


Papers of interest included : 


‘‘Financing Water Works and Sew- 
age Treatment Works Improvements,’’ 
by Houston G. Young, Attorney, Young, 
Moore, and Co., Ine., Charleston. 

‘*Progress in Municipal and Indus- 
trial Wastes Treatment in West Vir- 
ginia, Including Stabilization Ponds,’’ 
by Edgar N. Henry, Engineer, State 
Water Resources Commission, Charles- 
ton; and Glen O. Fortney, Chief Engi- 
neering Station, Division of Sanitary 
Engineering, State Department of 
Health, Charleston. 


At the business meeting the follow- 
ing officers were elected to serve for 
1961-62 : 

President: Richard L. Williams, South 

Charleston. 

First Vice-President: Bern Wright, 

Charleston. 

Second Vice-President: R. 


Parkersburg. 


W. Bonnet, 


Secretary-Treasurer: Glen O. Fortney, 
Charleston. 
Director: Paul T. Arbuckle, Nitro. 


F'ORTNEY 
Secretary-Treasurer 


GLEN QO. 
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PROFESSIONAL SERVICES 


ALBRIGHT & FRIEL, INC. ALVORD, BURDICK & HOWSON 
CONSULTING ENGINEERS Engineers 
Charles B. Burdick Louis R. Howson 
Water. Sewage, Industrial Wastes and Incineration Problems Donald H. Maxwell 
City Planning, Highways, Bridges and Airports Water Works, Water Purification, 


Dams, Flood Control, Industrial Buildings lie 
Investigations, Reports, Appraisals and Rates ief, 


THREE PENN CENTER PLAZA Power Generation 
PHILADELPHIA 2, PA. Civic Opera Building Chicago 


Your firm should be JOHN J. BAFFA 
listed here Consulting Engineer 


< Sewerage & Sewage Treatment 

the most complete direc- Industrial Wastes Treatment 
t he Design Plans & Specifications 
ory olf firms specializing in the Investigations & Rate Studies 


wastewater field. 75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., INC. BAXTER AND WOODMAN 


Consulting Engineers, Planners & Surveyors 
ee 7 Civil and Sanitary Engineers 
Atrport, Highway & Brtdge Deston; Water & Sewerage 
Municipal Engineering; Photo Mapping 
Ctty Planning, Urban Renewal & Redeselopment Water Supplies Water Treatment 
Sotls Lab; Complete Survey Servtce Sewer Systems Sewage Treatment 
Home Office: Rochester, Pa. Baker Bidg., P.O. Box 111 Industrial Waste Treatment 
Jackson, Miss. Charleston,W.Va. Harrisburg, Pa. Investigations 

Northview Dr. 19 Dunbar Street 2799 N. Fourth St. 
P.0. Box 9997 P.O. Box 2148 P. 0. Box 790 P. O. Box 166 Crystal Lake, Illinois 


THOMAS W. BEAK BENJAMIN E. BEAVIN COMPANY 
Industrial Water Pollution Specialist CONSULTING ENGINEERS - SURVEYORS 


Pollution Studies Water Supply, Sewerage, Drainage 
Stream and Lake Surveys Soils and Geologic Engineering 
Toxicity Tests Ports, Airfields, Highways, Structures 
Biological and Chemical Analyses 
P.O. Box 220, Collins Bay, Kingston, BEimont 5-4570 104 E. 25th St. 
Ontario, Canada Baltimore 18, Maryland 


HOWARD K. BELL BENHAM 
Consulting Engineers, Inc. ENGINEERING COMPANY 


WATER WORKS SWIMMING POOLS ‘ 
INDUSTRIAL WASTES DRAINAGE \ Consulting Engineers 
SEWERAGE GARBAGE DISPOSAL 
VALUATIONS — _ RATES REPORTS 215 N.E. 23rd Oklahoma City 

OPERATION SUPERVISION 


553 S. LIMESTONE ST., LEXINGTON, KY. Established 1909 


Need professional help? Check these pages for the firms in your area. 
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PROFESSIONAL SERVICES 


BETZ LABORATORIES, 


Consulting Engineers 


INC. 


Industrial Waste 

Industrial Water 
Analysis Design 
Investigations Operation 


Gillingham & Worth Sts. Philadelphia 24, Pa. 


BLACK, CROW AND EIDSNESS 


INCORPORATED 
ENGINEERS 


Water, sewerage, power, hydrology, recalcination, 
waste treatment, valuation, special investigations 
and reports, laboratory services 


700 S.E. Third Street Gainesville, Florida 


BLACK & VEATCH 
Consulting Engineers 
Sewage — Gas — Water — Electricity — Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


CLINTON BOGERT ENGINEERS 


Consultants 
IvaAN L. BoGertT Ropert A. LINCOLN 
CHARLES A. MANGANARO WILLIAM MARTIN 
Water & Sewage Works Incinerators 
Drainage Flood Control 
Highways and Bridges Airfields 


145 East 32nd Street, New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 
Engineers 
Water and Sewage Works 
Industrial Wastes 
Refuse Disposal 
Valuations 
Feasibility Reports 
Laboratory Service 


75 West Street New York 6, N.Y. 


BOYLE ENGINEERING 


Consulting Engineers 


Water Sewers — Streets 
Structures — Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 
Santa Ana, Calif. 


4525 Mission Gorge PI. 
San Diego 20, Calif. 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 


WATER - SEWAGE- INDUSTRIAL WASTE 
CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET 


SAN FRANCISCO 


3 


CHECK HERE 
Whenever You Need 


Professional Advice 


125 West Church Street 


FLOYD G. BROWNE AND ASSOCIATES 
CONSULTING ENGINEERS 


Water Supply — Purification — Sewerage — Sewage Treatment — Power and Industrial 
Plants — Industrial Waste Treatment and Disposal 
Reports — Designs — Supervision — Operation 


Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 


112 East 19th Street New York 3, N. ¥. 


ONLY $75 
for 12 ads, plus complimentary 
JOURNALS during your series. A 
card presents your services to the 
largest group of prospective clients 
in the wastewater field. 


Your professional card should be among these. 


by 
3 
ae 
| 
: 
| 
| 
| 
| 
| 
we | 
| 


JOURNAL WPCF 


& NIpPLE 


Consulting Engineers 


Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


PROFESSIONAL 
SERVICES 


BURNS & McDONNELL 


Engineers - Architects - Consultants 


P.O. Box 173 
Kansas City 41, Missouri 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


18 Tremont Street Boston 8, Mass. 


Capitol Engineering 
Corporation 


Consulting Civil Engineers 


Dillsburg, Pennsylvania, U.S.A. 


JOHN A. CAROLLO 


Engineers 
Water Supply and Purification, Sewerage, 
Sewage Treatment, Industrial Wastes, 
Power Generation, Streets. 


3308 N. Third St. 2168 Shattuck Ave. 
Phoenix 12, Arizona Berkeiey 4, Calif. 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration—Gas Systems 
Valuations—Rates-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CONSOER, TOWNSEND & ASSOCIATES 


Consulting Engineers 


Sewage treatment, sewers, storm drainage, flood 
control—Water supply and treatment— Highway 
and bridges—Airports—Urban renewal—FElectric 
and gas transmission lines—Rate studies, surveys 
and valuations—lIndustrial and institutional 
buildings. 


360 East Grand Ave. Chicago 11, II. 


CRAWFORD, MURPHY & TILLY 
Consulting Engineers 
Water and Sewerage Systems 
Sewage and Wastes Treatment 
Storm Drainage—Flood Control 
Impounding Reservoirs—Pollution Control Studies 
Surveys, Reports, Design, Supervision 
Phone: 217-528-5619 


755 South Grand West Springfield, Ilinois 


Damon & Foster 
Consulting Civil Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 
Sharon Hill, Pennsylvania 


DOW INDUSTRIAL SERVICE 


Division of The Dow Chemical Company 
Consulting Laboratories 


Pollutional Characteristics Waste Evaluations 
Treatment Process Development 
Chemical Cleaning 


20575 Center Ridge Road 
Cleveland 16, Ohio 


JOURNAL 


Advertising Pages 


These pages provide assistance to you 
when service is needed in the waste- 
water field. The WPCF Product Guide, 
in the final pages of the JOURNAL, 
also assist the readers. 


A professional card presents your services to over 10,000 readers. 
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PROFESSIONAL 
SERVICES 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 
Sewage Treatment—Sewerage and Drainage Systems 
Water Supply and Distribution—Incinerators 
Airports—Bridges—Express Highways—Port and 
Terminal Works—Industrial Buildings 


11 Beacon Street 


Boston 8, Massachusetts 


FINKBEINER, PETTIS & STROUT 


CONSULTING ENGINEERS 


Water Supply, Water Treatment, 
Sewerage, Sewage Treatment 
Industrial Waste Treatment 


2130 Madison Avenue Toledo 2, Ohio 


FRIDY, GAUKER, 
TRUSCOTT & FRIDY, INC. 


Engineers 
Sewerage and Sewage Treatment 
Industrial and Domestic Water Supplies 
Cities, Towns & Con 


idated Communities 


Surveys, Reports and Complete Design 


1321 Arch Street 


Philadelphia 7, Penna. 


FROMHERZ ENGINEERS 
Structural - Civil - Municipal 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage ; Foundations 
Industrial Waste Disposal 

Investigations; Reports; Plans and 

Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


A PROFESSIONAL CARD 


presents your services to over 10,000 
paid readers with each issue of the 
Journat. This is where potential 
clients seek professional assistance 
THIS SINGLE CARD COSTS 
ONLY $75 FOR 12 ISSUES 


Pittsburgh, Pa. 


GANNETT FLEMING CORDDRY AND CARPENTER, INC. 


Engineers 


Sewage, Industrial Wastes & Garbage Disposal, Dams, Water Works, Highways, Bridges & Airports, 
Traffic & Parking—Appraisals, Investigations & Reports. 
HARRISBURG, PENNSYLVANIA 
Branch Offices 
Philadelphia, Pa. 


Daytona Beach, Fla. 


GIBBS & HILL, INC. 
Consulting Engineers 
Industrial and Municipal Waste Treatment 
Water Supply and Treatment 
Electric Power and Transmission 
Transportation and Communication 


PENNSYLVANIA STATION 
NEW YORK 1, NEW YORK 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 
READING, PA. Washington 


New York 


GREELEY & HANSEN 
Engineers 
Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 


Sewerage, Sewage Treatment 


14 East Jackson Boulevard, Chicago 4, Illinois 


HOWARD R. GREEN CO. 
Consulting Engineers 
Established 1913 
H. R. Green 
C. D. MuLutnex >. R. Hotrcuxiss 
J. A. Sampson H. A. MrLier 
G. C. AHRENS B. W. Grirritsa 
Water, Sewerage & Industrial Wastes 
Public Works & Industrial Projects 
Green Engineering Building Cedar Rapids, lowa 


Take advantage of the services of these outstanding firms! 
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Charles W. Greengard 
Associates 
Consulting Engineers 
Sewage Treatment, Sewerage, Drainage, 
Water Supply, Industrial Waste Treat- 
ment, Roads, Subdivisions, Investigations, 
teports, Designs and Supervision 
Deerfield, Illinois 


PROFESSIONAL 
SERVICES 


L. B. GRIFFITH 


CONSULTING ENGINEER 


Research, Reports and Designs on Sew- 
age and Industrial Waste Treatment. 


450 West Broad St. Falls Church, Va. 


HASKINS, SHARP & ORDELHEIDE 
CONSULTING ENGINEERS 


Water—Sewage & Industrial Wastes—Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


HAVENS AND EMERSON 


4. A. Burger A. M. Mock 
J. W. Avery F. S. Palocsay 
E. S. Ordway G. H. Abplanalp 


S. H. Sutton 
Frank C. Tolles, Consultant 


WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS —LABORATORIES 

Leader Bldg. Woolworth Bldg. 

Cleveland 14, Ohio New York 7, N. Y. 


HAZEN AND ‘SAWYER 
ENGINEERS 
Ricnuanp Hazen Avrrep W. Sawyer 
H. E. Hupson, Jr. 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


360 Lexington Ave., New York 17, N. ¥. 


ANGUS D. HENDERSON 


Consulting Engineers 


Ancus D. 


Tuomas J. Cassy 
Water Supply and Sanitation 


330 Winthrop St., Westbury, New York 
355 Knollwood Ave., Douglaston, L. 1., New York 


HENNINGSON, DURHAM 
& RICHARDSON 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


Omaha e« Colorado Springs « Phoenix « Dallas 


HORNER & SHIFRIN 
Consulting Engineers 
E. E. V. C. Liscuer 
Airports, Sewerage & Drainage, Hydrology, 
Sewage Treatment, Industrial Waste Treatment, 
Water Supply & Treatment, Paving, Structures, 
Industry Engineering Services 


St. Louis 3, Mo. 


1221 Locust Street 


George E. Hubbell Albert Roth Homer W. Clark 
Theodore G. Biehl! George S. Roth James W. Hubbell 


HUBBELL, ROTH & CLARK, INc. 
Cc lti 3 E gi 
Sewage and Industrial Waste Treatment 
Sewerage and Drainage Systems 


954 N. Hunter Blvd. Birmingham, Michigan 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 


SEWAGE AND WATER WORKS 


HUDSON-RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


It pays to secure competent and experienced professional advice! 
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WILLIAM T. INGRAM 


Consulting Engineer 
Sanitary and Public Health Engineering 
Planning— Design——-Research—-Water 

Air Pollution Control—Industrial Health Water Supply, Treatment & Distribution 

Offices: Sewers & Sewage Treatment 

East Coast West Coast Reports— Design—Construction 
20 Point Crescent 90 Panoramic Way - 
‘Whitestone 57, N.Y. Walnut Creek, Calif. 1392 King Ave. Columbus 12, Ohio 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 


SS JONES, HENRY & WILLIAMS 


Sewerage—Water Supply & Distribution— Bridges 


Highways—Municipal Engineering—Flood Con- Consulting Engineers 
Water Works 


2300 Dixie Hwy., Pontiac, Mich. 
FE 2-0181 Sewerage & Treatment 

Warren Office Flint Office 
24187 Ryan Rd. 604 Metropolitan Bldg. Waste Di: posal 
Warren, Mich. Flint, Mich. 
SLocum 7-1167 CEdar 9-4102 2000 West Central Ave. Toledo 6, Ohio 


KENNEDY ENGINEERS KIRKHAM, MICHAEL & ASSOCIATES 


COMPLETE ENGINEERING SERVICE 
ENGINEERS - ARCHITECTS 


Investigations, Reports, Design 
Supervision of Construction and Operation Complete Municipal & Ir ial Services: Investigations 
Reports, Design, Supervision of Construction, Rates 
WATER SEWAGE & WASTES 
STREETS AIRPORTS — BRIDGES & STRUCTURES 


Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory o Net 19th 
maha, Neb. 508 Sout 9th St. 
604 MISSION ST., SAN FRANCISCO & Rapid City, S. D. 519 Kansas City St. 
Los Angeles Salt Lake City Tacoma Fargo, N. D. 802 Sixth Avenue North 


MORRIS KNOWLES Inc. KOEBIG AND KOEBIG 


Engineers Consulting Engineers Since 1910 
Investigation Reports, Designs 
Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning Water Supply & Water Treatment 
Municipal Engineering 


Sewerage & Sewage Treatment 


1312 Park Bldg. Pittsb h 22, Pa. 
sec ne . 3242 West 8th Street, Los Angeles 5, Calif. 


LANNING LOCKWOOD, KESSLER & BARTLETT, INC. 
Sanitary Engineering Co., Inc. CONSULTING ENGINEERS 


Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes Water, Sewage, Industrial Wastes, Incinerators, 
Ural g and indu 2 st > 
R ; Water Pollution Studies, Municipal Engineering, 
eports, Design Supervision 
Of Construction and Operation 
Chemica! & Biological Laboratory Syosset, New York - San Juan, Puerto Rico 


4481 South Broad St. _—‘ Trenton 20, N. J. Bogota, Colombia 


Aerial Mapping, Highways, and Bridges 


7 CHARLES A. MAGUIRE & ASSOCIATES 
Lozier Consultants, Inc. —_ 


Engineers Engineers 


Sewerage, Se wage Disposal, Sewage Collection and Disposal 
lata Water Supply and Distribution 

W ater Supply, W ater i uri- Drainage, Refuse and Pipelines 
fication, Refuse Disposal 


s 14 Court Square Boston 8, Mass. 
10 Gibbs Street Rochester 4, N. Y. 1100 Turks Head Building Providence 3, R. I. 


Largest professional services section in the wastewater field. 
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CHAS. T. MAIN, INC. 


Consulting Engineers Since 1893 


STUDIES * DESIGNS * CONSTRUCTION MANAGEMENT 
REPORTS ¢ VALUATIONS 


Water Supply and Treatment © Sewerage 
Sewage Disposal « Industrial Waste Treatment 


BOSTON, MASSACHUSETTS « CHARLOTTE, N. CAROLINA 


McNAMEE, PORTER AND SEELEY 
Consulting Civil Engineers 
Water Supply and Treatment 
Sewerage and Sewage Treatment 
Drainage Waste Disposal 


Established 1914 
2223 Packard Road, Ann Arbor, Michigan 


GEORGE B. MEBUS, Inc. 


Consulting Engineers 


Water Supply Sewage Treatment 
Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


METCALF & Eppy 
ENGINEERS 

Soils, Foundations, Waterworks, Sewage 

Works, Drainage, Irrigation, Flood Con- 

trol, Refuse, Industrial Wastes, Airports, 

Highways, Military Projects, Industrial 

and Commercial Facilities. 


Statler Building, Boston 16, Massachusetts 


JAMES M. MONTGOMERY 
Consulting Engineers, Inc. 
Water Supply—Water Purification 
Sewerage—Sewage and Waste Treatment 
Flood Control—Drainage 
Valuations— Rates 
Investigations—— Design—Operation 


535 B. Walnut St. Pasadena, Calif. 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION— DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


O’BRIEN & GERE 
Consulting Engineers 
Industrial Waste Treatment 
Industrial and Municipal Water Supply 
Sewerage and Sewage Treatment 
400 East Genesee St. Syracuse 2, New York 


PARSONS, BRINCKERHOFF, 
QUADE DOUGLAS 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structural — Power Transportation 


165 Broadway New York 6, N.Y. 


PIATT & DAVIS 
AND ASSOCIATES 
P. D. DAVIS W. M. PIATT, ITI 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 


Sewage Treatment, Streets, Power Plants 
Electrica! Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N. C. 


MALCOLM PIRNIE ENGINEERS 


Malcolm Pirnie Carl A. Arenander 

Ernest W. Whitlock Malcolm Pirnie, Jr. 

Robert D. Mitchell Alfred C. Leonard 
MUNICIPAL AND INDUSTRIAL 
Water Supply - Water Treatment 

Sewage and Waste Treatment 
Drainage - Rates - Refuse Disposal 
25 West 43rd Street 3013 Horatio Street 


New York 36, N.Y. Tampa 9, Florida 


’ LEE T. PURCELL 


Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


RADER AND ASSOCIATES 


Engineers and Architects 


Water Works, Sewers, Refuse Disposal 
and Other Public Works Engineering 
Reports, Investigations, Consultations, 
Plans, Specifications and Supervision of 
Construction Work 


The First National Bank Building, 
Miami 32, Florida 


Check these pages for the professional firm near you. 
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660a PROFESSIONAL SERVICES 


REAVES, GREGORY 
& KNOWLTON REYNOLDS, SMITH AND HILLS 


ENGINEERING DIVISION 
Consulting Engineers 


Pau C. Reaves Planning + Reports 
D. Grecory Design Supervision 
R. L. (Dick) KNowLTon 


“JA Ss 1, FLORIDA 
100 N. University Drive Fort Worth 7, Texas BOX 4817 CKSONVILLE 1, F 


THOMAS M. RIDDICK 
& ASSOCIATES WILLIAM G. RIDDLE 
Consulting Engineers and Chemists & ASSOCIATES 


Municipal and Industrial Water Purification 
Sewage Treatment Plant Supervision Consulting Engineers 
Waste Treatment 


al 
hemi 


ndustri n 
Laboratories for ( al and Bacteriological 
Analyses 


916 WEST 471TH STREET e PLAZA 3-2300 
369 E. 149th St. New York 55, N.Y. KANSAS CITY 12. MISSOURI 
MOtt Haven 5-2424 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
V. A. VASEEN 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
2747 Zuni Street Denver 11, Colorado 


RUSSELL AND AXON TRUMAN SCHLUP 
Consulting Engineers 


CONSULTING ENGINEER 
Civil — Sanitary — Structural 
Industrial Electrical 
Rate Investigations 
408 Olive St., 
St. Louls 2, Mo. 


Highways, Structures, Water, Sewerage 


Reports, Design 
Investigations, Supervision of Construction 
Municipal Alrport 
Daytona Beach, Fla. 


1401 Fairfax Traflicway Kansas City, Kans. 


SERVIS, VAN DOREN & HAZARD J. E. SIRRINE COMPANY 
Engineers-Architects 


Engineers 
Investigations - Design - Supervision of C/ Since 1902 
Construction - Appraisals GREENVILLE, SOUTH CAROLINA 
Water - Sewage - Streets - Expressws I - sports. Consu 
Drainage - Aerial Su 


Urban Water Supply and Treatment 
Subdivisions -Indust1 acilities -Electrical 


Sewage and Industrial Waste Treatment 
Mechanical 
Stream Pollution Surveys 
2910 Topeka Blvd. Topeka, Kansas 


Chemical and Bacteriological Analyses 


ways - Highways 
lood Control 


SMITH and GILLESPIE | |9°22 ®-. Snell 


Consulting Engineers 


All t 
Municipal | 
Ut Water Purification ® Water Supply ® Sewerage Systems ® 
Complete Services Sewage Treatment ® Refuse Collection ® Composting ® Incin- 
eration ® Urban Planning ® Industrial Waste ® Bridges and 
Streets ® Soils and Foundations ® Research and Development 


ypes of | Imc. 221 N. Cedar ™ Lansing, Mich. ® IVanhoe 4-9493 
*ublie Works & 


les 


P. O. Box 1048, Jacksonville, Fla. 


These firms are alphabetically listed at end of section. 
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STANLEY ALDEN E. STILSON & ASSOCIATES 
ENGINEERING COMPANY Limited 


Consulting Engineers Consulting Engineers 


2 Water Supply—Sewerage—Waste Disposal 
208 S. Street Bridges—Highways—Industrial Buildings 
eo Studies—Surveys—Reports 


Hanna*Building 
Cleveland 15, Ohio 245 N. High St. Columbus 15, Ohio 


TIGHE & BOND 
WALL 
CONSULTING ENGINEERS ACE & HOLLANDS 
Bowers and Pequot Streets Consulting Engineers 
Holyoke, Massachusetts 
Civil — Sanitary — Structural 
Civil, Sanitary and Electrical Engineering 


Investigations, Reports, Plans and Specifications 
Supervision of Construction and Operation 401 N. Federal Mason City, lows 


J. STEPHEN WATKINS 

R. E. WARNER & ASSOCIATES J. S. Watkins G. R. WarKins 
Engineers CONSULTING ENGINEERS 

Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

CHerry 4-2286 Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 


Broadway Bldg. + Lorain, Ohio 


4726 Preston Highway Louisville, Kentucky 


LEONARD S. WEGMAN CO. 


Consulting Engineers Water—Sewage—Industrial Wastes—Refuse 
Stream Pollution—Air Pollution 
Sanitary, Industrial Wastes—Treatment, Recovery Surveys—Research—Development— Process 
Erosion, Flood and Waterfront Works Engineering — Plans and Specifications 
Reports — Design — Supervision Operation Supervision — Analyses 
Evaluations and Reports 


235 East 45th St. New York 17, N. Y. Newtown Square, Pennsylvania 


WESTON & SAMPSON WHITMAN & HOWARD 


Consulting Engineers 
Water Supply Water Purification Engineers (Est. 1869) 
Corrosion Control 2 Sewerage, Sewage Disposal, Municipal and In- 
Sewerage, Sewage and Industrial dustrial Development Problems, Water Supply 
Wastes Treatment — Water Purification, Water Front Improvements, 
Stream Pollution Studies Investigations, Reports, Designs, Supervision, 
Supervision, Valuation Valuations 
Laboratory 


14 Beacon Street Boston 8, Mass. 89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES A PROFESSIONAL CARD 


Engineers—Consultants presents your services to over 10,000 
ivil — Sani or paid readers with each issue of the 
— — JournaL. This is where potential 


Mechanical — Electrical clients seek professional assistance. 
Reports, Plans, Supervision, Appraisals WRITE TODAY 
1304 St. Paul Street Baltimore 2, Maryland FOR RATES 


Contact prospective clients every month with a professional card. 
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STANDARD METH 
Epition 


NEW TITLE 


JOINTLY PRODUCED 


DETAILED COVERAGE 


NEW COVERAGE 


ORDER NOW 


USE THIS COUPON 


> 


Standard Methods for the Examination of 
Water and Wastewater. 


American Public Health Association (Pub- 
lisher), American Water Works Association, 
and Water Pollution Control Federation. 


Laboratory manual and reference of more 
than 600 pages covering simple and detailed 
methods for physical, chemical, bacteriologi- 
cal, and biological analyses of water and 
wastewater. 


More than 100 pages added; new sections on 
radiology, bio-assays for toxicity of industrial 
wastes, and iron and sulfur bacteria. 


Special price of $8 to members of any of the 
three sponsoring organizations if prepaid; 
without remittance, $10. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue, Washington 16, D. C. 


Publication: STANDARD METHODS FOR THE 
EXAMINATION OF WATER AND 
WASTEWATER, llth Edition. 


Enclosed is remittance for $ 


Federation Member Association 


If an invoice is necessary, postage will be added. 
Checks may be made payable to WPCF. 
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Mansfield, Ohio's mod se e treatment 
plant was dedicated in ber 1960. With 
present population exc g 51,000, plant 
design is based upon « 80 population 
of 110,000; with provisions to expand 

to handle 220,000 

Floyd G. Browne & Associates 

Marion, Ohio—Consulting Engineers 
George W. Cunitz, City Engineer 
Lawrence E. Rigby, Plant Superintendent 


..Walker Process sewage, water 
and waste treatment equipment 


Consulting Engineers, in designing modern sound engineering, continuing research and 
treatment facilities, have found that Walk- up-to-date manufacturing methods, Walker 
er Process offers one of the most complete Process has contributed many improve- 
selections of process equipment in the sani- ments and new developments. SPARJER 
tary engineering field. Walker Process en- aeration units, GASLIFTER digester gas- 
gineers and manufactures treatment units lift mixers, CARBALL COz producers, 
to handle every phase of modern sewage CLARIFLOW clarifiers and SPARJAIR 
treatment processes. Similarly, equipment compact sewage treatment plants are but 
for iron removal, sedimentation, mixing, a few of the exclusive Walker Process de- 
flocculation, softening, turbidity removal, velopments for which they are renowned. 
and carbonation is offered for water treat- Write for complete information. Sales- 
ment. Specially developed industrial units Engineering representatives are located 
are also available for solids-in-liquids re- throughout the U. S., Canada, Mexico, New 
covery and/or waste problems. Through Zealand, Australia and Japan. 


Walker Process Equipment Inc. 


FACTORY . ENGINEERING OFFICES . LABORATORIES . AURORA, ILLINOIS 
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OVER 50 YEARS 
EXPERIENCE 


Delivery of Hay. 


gO 


- 


Delivery of Roller Suspension Sewer Pipe 1960. 


LOCK JOINT 

RUBBER and CONCRETE JOINT 
A pioneer in the concrete pipe industry, Lock Joint Pipe 
Company has devoted over half a century to the 


RUBBER GASKET—. r ~ CIRCUMFERENTIAL 


ry 7 
. 


; ; — <> development of concrete pipe in this country and to the 
evaluation and application of outstanding manufac- 


turing techniques from abroad. 


2 


|THICKNESS 


LONGITUDINAL 
REINFORCEMENT 


NOMINAL PIPE 
DIAMETER —— 


SEWER AND CULVERT PIPE PLANTS: 


Kerhilworth, N. J. Beloit, Wis. 
Hartford, Conn. Chicago, lil. 
New Haven, Conn. Rock Island, Il. 


Buffalo, N. Y. 
Rochester, N. Y. 
Edgewater, Fla. 
Miami, Fila. 

W. Paim Beach, Fia. 


Valley Park, Mo. 
Tulsa, Okla. 


Wichita, Kans. 


\ 


Pressure « Water » Sewer > REINFORCED CONCRETE PIPE « Culvert » Subaqueous 


N. Kansas City, Kans. 


Oklahoma City, Okla 


Denver, Colo. 
Cheyenne, Wyo. 
Casper, Wyo. 
Tucumcari, N. Mex. 
Hato Rey, Puerto Rico 
Carolina, Puerto Rico 
Ponce, Puerta Rico 
Caracas, Venezuela 


LOCK JOIAT PIPE CO. 


East Orange, New Jersey 


Lock Joint Roller Suspension Sewer and Culvert Pipe 
points up the value of such research and development. 
The unique process used in the manufacture of this pipe 
produces concrete walls of unusual density and abrasion 
resistance, joint ends of almost machined precision and 
a joint design giving the ultimate in infiltration protec- 
tion, and flexibility. Produced in standard 8’ lengths, it 
ranges in diameter from 12” to 72”. 


Lock Joint also produces machine made and cast pipe 
ranging in diameter from 6” to 120”, and even larger if 
required. All pipe may be designed to comply with 
A.S.T.M., State Highway or individual specifications. 
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COMPOUND-LOOP CONTROL 


With automation by Wallace & Tiernan your chlorination system con- 
trols itself... needs almost no attention. With Compound-loop Control, 
the residual you select is maintained, no matter how much water flow 
or chlorine demand changes. You’re always sure of water quality. 

W&T Compound-loop Control means true process control. Because it 
analyzes the end result and feeds back information which monitors your 
chlorinator, Compound-loop Control successfully achieves a closed-loop 
system. This means an operating range of greater than 100 to 1, plus 
round-the-clock supervision without extra labor. 

And you can control free or total residual... use electric, pneumatic, 
or variable vacuum signals. W&T Compound-loop Control can be tailored 
to the physical layout of your system. your flow-metering equip- 
ment, your plant hydraulics. You build or convert to automa- 
tion with maximum convenience, minimum expense. 


For more information, write Dept. S-141.84 


WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 


LANCASTER, PA 
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